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* 

Twenty years ago tlie Nitrogen Industry attracted very little 
general attention. The snp])lies of eonibined nilrogen re(iui- 
site for the needs of agric-ultnre and lh<*iisefTd arts, ineluding 
the manufacture of explosives, were apparenth' assured hy 
the nitrate deposits of .Chile and the Sufphato of ammonia 
obtained as a by-product in, the eftking and gas-making indus¬ 
tries. JSinoe that t ime, howevm', the so-called Nitrogen I’rolilem 
has become inereasingly im|)ortant. The, two sources of supply 
mentioned have been ('xtonded. the first by the introduction of 
slightly improved methods of extraction, and the second by an 
increasing use of jilant for the recovery of ammonia, formerly 
wasted in large quantities by carrying out the coking process 
in a crude and ineflieient manner. It has become inereasingly 
clearer that these two souiaa's of fixed nitrogen are alone 
insufficient to supply the growing needs of mankind, and 
attention has therefore been more and more focussed on the 
master problem of obtaining frofir tjie boundless stores of 
uncombined nilrogen in tbe almospluTe, by economical 
methods, those nitrogen com])ounds, priiuiijtally ammonia and 
nitric acid, which are required in the raising of food crojjs, flpd 
in the prosecution of war. Mars and Ceres both imperatively 
demand^combined nitrogen, and the homage paid to both by 
man has sharpened his ingenuity to a degree which might have 
been impossible under tin? reign of h.'ss attractive deities. The 
Great War of 1014-18 called for nitrogen com]Kiunds in the 
form of explosives on a scale hitherto unprecedented. The 
enemy, cut off from the Chilean suj)plics, was able rajiidly to 
put into large-scale operation the new' methods for the fIxatio« 
of atmospheric nitrogen which he had j)crfected l>y laborious 
and costly experimental research but a few years prior to thq 
outbreak of hostilities. Without this assistance the defeat of 
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the Central Powers would have been speedy Mid complete. 
The Allies, maintaining at immense cf>st the r^il supremacy 
of sea-power, had opcm to them at first only the old source of 
Chile, and for a long time relied on this to^a dangerously 
exclusive degree. In 1918 the extension fS the submarine 
blockade instituted by Ccrinany led to a state of affairs which 
at one time was jMU’ilous in the extreme. Ships carrying nitrate 
from Chile were tvink, but. w hat wa.s far more im))ortant, ship^ 
which shoujd have brought food were diverted to the transport 
of nitrate, and, in tlio later .stages of the War, of finished explo¬ 
sives. Fraiuio wi(8 theiirst aliic-d [lower to take adequate steps to 
meet the peril, and at tlie time of^tlie Armistice was well on the 
way to liceoming .^elf-.siipporting in fixed nitrogen for explo¬ 
sives. America, on her tinfely entry into the struggle, made 
preparations on a most imjiosing scale for the manufaeyure of 
nitrogen compounds from the air. Italy had made more 
modest, but none the k'ss solid, contributions to the .solution 
of the problem. Cix'at liritaiu alone was the one allied 
country which failed most signally to do lu'r share of the work, 
as she is now the only great power in the world which has not 
within the gates of her teri ifoiy the necessary means for the 
synthetic iiroduction of nitrogen eomixuinds for the [nirpo.sea 
of peace and war. Amidst t he noise and clamour which have 
raged around the initiation and ])rot(>ction of the so-called 
“Key Industries,” no .vTTh^e has been heard on the greatest, 
the most important key industry of all. Without explosives 
and food, the home [iroduction of a few line cliemieal.s and a few 
toms of glass u.sed in chemical liihoratories will bo but sorry 
comfort in the next war, on the assnmjit ion of which the 
supporters of “ key industries ” laigely rely for their ijmstifica- 
tion. \V'hy sluudd this state of affairs exist. '! What step.^i 
should b(' taken to [iroviifii a remedy ? Why, after the bitter 
experience of war, should we still remain helplessly dependent 
on a foreign power for our food and ex|)losives ? The.se arc 
matters which, we think, should ap|)eal to a large public. Wo 
hnlieve we are right in assisting that, since the War, there has 
been a growing demand on the jiart of the public for real 
information. The ordinary man has learned to distrust 
information doled out from on high in a specially prepared form. 
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He was not mnmindful of “ propaganda ” during the War, and 
has acquired y distaste for it. A large part of tlie propaganda 
now appearing in the Press, iiaving for its object the ju.stiik'a- 
t'ion of the protection of the dye industry, is based on tho 
assumption tliat*dyo factories can, on tlio possible outbreak of 
war, be converted into factories for the production of explosives 
and poison gas. There is a largo measure of truth in tfiis. 
■.Jhe plant used in the manufacture of inferijiediates and dyes 
could be adapted to the manufacture of explosives and gas, 
although if absolute security wi'ie desired the j'ctention of the 
Government factories woidd have beeg* moft; c(U'tain, if less 
economical. One absolutely vital factor has. however, been 
W'holly' left out of account, and its negktit’eomplel.ely nullifies 
the whole argument. Without‘tlie neee.ssary materials no 
factorj' can bo of the slightest s('rvice. If nitratc.s are to be 
imported from Chile thme (am be no seeurity, and if tho supply 
wore cut oil the factories would be idle and impotent. Thw'e 
is no true comparison with tho German dye factories. These 
had at their command internal .sources of nitrates, and without 
them would not have been of the slightest importance. If 
materials hav(( to be imjiorted to the British factories, why 
.should we not import rather finislusl explosives ? These 
would make far less demand on shipping. If the dye indu,stry 
is to succeed it must stand on its own legs. If the British 
manufacturer can jirodma! better and,cheaper wares than his 
competitors --and there, is no reason why he should not—he is 
assured of succes.sT If he cannot, he ought not to make partial 
and inaccurate statements which t(;nd to lead those not in 
possession of the facts to believe that he is the guardian of 
national security. 

• Prom what has been said it should bo clear that a nitrogen 
policy i.s of importance to the state, and is deserving of tho 
most serious attention on the part of the people. In the War 
of 1914-18 we had partial control, at immense cost, of the 
Atlantic, and were able to import from Chile. Shall wc have 
control of the Atlantic, and will Chile be able to supply 
our needs, if we are so unfortunate as to be involved in 
another war ? The assumption seems hazardous in the 
extreme. 
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' There are some who hope to have seen the endfcf war. The 
situation at the present moment is a sad commtfitary on such 
hope. It cannot be safely assumed that we shall never again 
bo compelled to resort to the arbitrament of^tne sword. The 
cfmtingency is to be k('pt in mind. If the arguments for “ key 
industries ” arc worth anything they aj)ply witti immense force 
to the nitrate industry. Of what conceivable use would dye- 
factories be without the materials for explosives and poisou' 
gas? Without nitric acid everything else is utterly useless. 
Even aeroplanes are futile witliout bombs. In 1917 the 
nations at war oonsifmed over a million tons of combined 
nitrogen in the manufactnn^ of, ('xplosives. Our ojvn share 
of this was large. *Can it be asserted that, in neglecting to 
make aficquate provision fo*r sueli suj)pli(‘.s, the Government 
is justified in speaking of fostering key industries in any true 
sense at all ? 

Wo thiidr it j)ropcr to s.ay that w'e have no personal interests 
in any branch of the nitrogen industry, and are not engaged 
in urging the merits of any one pr(K!ess, It has been our aim 
to pre.sent the features of each brancli of the industry in an 
entirely impartial manner, and we have had in mind the 
requirements of non-technical readers. Olainis w hich we know 
to bo without foundation have been ignored, and obvious 
defects of ju'oces.ses have not been kej)t out of sight. An 
impartial student of Mie nuluslry cannot esc.ape from the 
conclusion that all the processes w hich have been or are in use 
have serious defects, 'riie arc ])roeess is clearly not suited, 
in.lts present form, to Jlritish conditions. The synthetic 
ammonia process, in the form used by the Jladische company, 
is extremely complicated, oxjjcnsive, and in maqy ways 
potentially dang('rous. The cyanamide proces.s (which is the 
one which could most safely be installed us an urge-nt war 
measure, since it has been tlforoughly tried and tested) is 
cumbersome, and gives rise to large quantities of undesirable 
W'aste products, besides being economically less advantageous 
tliUn the synthetic ammonia process. The remaining processes, 
particularly the Bucher process, which was so much boomed 
during the war period, have not answered expectations. It is 
inconceivable that further research should not lead to great, 
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perhaps funckmental, ihiprovements in the art of nitrogen' 
fixation. \ 

A beginning xvas made in nitrogen researeh during the War 
by the Nitrogen Products CJoinniittee of the Munitions Inven¬ 
tions Department. This was abandoned after the War, and 
any re.search wdiich may now be Iti progress is done in secret, 
by private iirms. Can the Government rely on sucli work ? 
■'^^ould the Admira.lt_v be content to leave malter.s concerning 
naval construction and warfare entirely in the bands of ship¬ 
builders and armament firms, without having a policy of its 
own, and without knowing what was beii% done ? Why, then, 
.should rcfjcarch on nitrogen li;xation, wdiich we have shown to 
be absolutely bound up with war policy,'be entirely ignored 1 
It would be useful if this questio'n were asked in the proper 
quartej, and an enquiry made into the present po.sition. The 
result of the enquiry would at least be interesting. 

We have endeavoured throughout to assign credit for 
inventions and discoveries where credit is due. The claims 
of scientific rcsearcli sliould be amjily realised, and ojipor- 
tunities for such research, jicrhaps without obvious com¬ 
mercial possibilities, should not be limited by false ideas of 
economy. It may be that Sir Humphry Davy went a little 
too far in his statement that: “The mechanical and chemical 
manufacturer has rarely discovi'red anything; ho has merely 
applied what the })hilosopher has made known, he has merely 
worked upon the materials furnislicd to him ” (“ Consolations 
in Travel; or, The Last Days of a I’hilosopher,” 1820). In 
general, however, tlie tendency to error has been much loo 
heavily W'eighted at the other (extreme. It is time that the 
scientifici investigator was given his diue 
' In conclusion wo desire to acknowdedge the assistance wo 
have received from many sources iti the preparation of the 
book. For the material for Plates I. to III., and much in¬ 
formation, wo arc indebted to the Chilean Nitrate Committee. 
The Dorr Company kindly loaned the blocks for Plates IV. 
and V. Plates VI. to XVII. were reproduced from magrii* 
fieent photographs supplied, with much useful information of 
a general character, by the Sooiete Norv(5gienne de I’Azote,- 
Christiania. The Stockholms Superfosfat Fabriks Aktiebolag 
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supplied us, through Messrs. G. Boor and Co.,London, with 
details of the new continuou.s cj'anainide procfss of Carlson. 
Dr. E. C. Worden, of New York, gave’ us an.account of his 
visit to the Knapsack works, and allowed us to inakc use of the 
account of the manufacture of nitric acid at Gretna contained 
.in.his “Technology of CelluIo.se Esters,” vol. i., part 2 (1!)21), 
which may he referred to for a very detailed list of references 
to the literature of nitrogen products. Plates XVIII. anji’ 
XIX. are reproduced, liy tlu; permission of the Controller of 
H.M. Stationery Ofheo, from the ])amphlet on “ The Oxidation 
of A tnmonia applied tf j Vitriol Cham her Plants,” 1919. Me.ssrs. 
Bonn Bros, courteously allowed,us to use the hlockg for Figs. 
9 to 1C from Mr. G. '1'. Calvert’s excellent monograph on the 
“ Manufacture of Sulphate of Ammonia and Crude Ammonia,” 
of which they are the jruhlisliers, and to w hich, and to gunge’s 
‘ Coal Tar and Ammonia,” reader.s are referred for a very full 
account of this industry. 'I'lie Society of Chemical Industry 
sanctioned the u.se of the hlocks for Figs. 1, 2, .'i, 22, and 29, 
from piiblications in their Joiinial, to which reference is made 
in the text. The Jonrnal of the. iSorieJi/ if Chemical Industry 
(referred to in the text as J.S.C.f.) may he specially men¬ 
tioned as containing articles and ahstracts on alt hranches of 
the nitrogen industry. 'J'he Journal <f the. Chemical iSocie.ty 
(./.C.iS’.) occasiojially contains papers and ahsiract-s of interc,st 
in this connection. Much useful inhnniation has also hecn 
found in the Chemical 'Trade Journal, which puhlishe.s weekly 
special articles (hjaliiig with the (diile nitrate and ammonium 
sufphate imlnstrics, and in the Chemical Ayr, which reports 
on the indu.stry from time to time, and gives lists of 
patents. 

A large amount of the statistical information contained ih 
the book is derived from the now classical “ Final Report of the 
Nitrogen Prodnct.s Committee,” published l)y If.M. .Stationery 
Oflico in 1920, and from the “ Statistical Su})plement ” to this 
Report, i.ssued in 1921. These two documents contain more 
Iliformation, carefully and critically presented, than is to be 
found in any other source, and are worthy of the most careful 
■Study by anyone interested in the nitrogen industry. 

Many other sources of information have been drawn upon 
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to a smaller tetent, and are referred to in the text. A large' 
proportion ofItlie material is, however, now published for the 
first time, ancftis based on the experience of the authors. 

'The index has been compiled by Mr. C. C. Attfield, B.Sc., 
wlio has also rendered valuable service in verifying the refer¬ 
ences to a large mass of data from the literature. 

J. R. P. 

L. H. P. 

Lonivon, 

March, 19‘2‘i. 
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NITROGEN FIXATION PROCESSES 


SKCTION [ 

svxtiiktk; a.m.moxia 

'I’lIK iii(i'Op;cii of f,li(' iUinospluTo ovit I'vorv siiniiTt' niilo of tlio 
(‘.'irtli .'iinoiiafs to aixmt. l’o.ooo.i oo (oom, or over lliirty tiinoa 
tiui amount oonfaiiu'il in Iho Niliolc of (Im Chile nitre and 
liy-prodiiet animoninm SMl|ihale prodiiei'd |)ei' annum. The 
supply is prarl ieally ine.\hansl ihle. The melhodsat ])i'enent 
in use for lixine this atmospheric nilroeen ar<‘ as follows: 

I. 'J'ho ilireet of aiiiiiioiiin from nitrogen and 

hydrog(m gases (the Halier process): XX | ttll,, t-’Nlh,. 

II. The 4ireet .■.i/at/i .s/.s- of iiilric oriile from the air in the 

eh'Ctrie are, followi'd li\ the conversion of this into nitric acid 
and nitrates: (I) X, ; :’X(): (-I) I’XO I HA) (1) - 2HNO;,. 

HI. 'I'he reaction h('iween nitrogen and ealeiinn carbide, 
leading to the iinuliirlioii if rolcinm njfiiio}iiiili\ I'aCNf.,, which 
e.an la' used directly,as a fertiliser or deeom|)osed hy snper- 
heati'd water with )n'o(hietion of ammonia: (I) CaC.^ | XX - 
CaCN., I (.X (A) Cat'XX !-.'(H.,() (’aCt), i iCXH,. 

IVX The conversion of ammonia, obtained by method (I.) 
or (HI.), into nitric acid and nitrates by catalytic oxidation: 
iXHTi l-bOj tXO ! (ilLO. 

Each method has particular advantages and disadvantages, 
depending mainly on the paitieular facilities olfered hy any 
locality in the way of cheap power, fuel, .and shilled labour. 

The important process for the production of ammonia from 
the nitrogen of the, air which ilepends on the direct eombina- 
Aion of nitrogen with hydrogen, according to the equation 
Nj-f-.'illj- I’XHt, is usually called the “ Haber proee.ss,'’ since 
the sciontilie, investigations wdiieh h‘d to the establishment of 
the technical operations wore mainly earrieil (jut by the (lorman 
physical chemist Haber. The main discovery, relating to tins 
147 
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influonco of pressure, had, however, previously been made by 
Nernst. The materials rerpiired in the process are nitrogen 
and hydrogen gasi's. The production of nitrogen by the 
fr,'K;tional distillation of liquid air lias,already been described, 
and a brief account will now be givcTi of the manufacture of 
hyilrogen. ► 

„ The Manufacture of Hydrogen. 

Apart from its a])pliea(ion in Hie synt lu'sis of ammonia from 
its elements, hydrogen gas is iisc'd in large quantities in the 
manufacture of margarine, candles, and liaril soaps, from oils 
by so-callecj “ fat bankming " iiroeesscs. Many liquid oils, 
when treated with hydrogen gas a.t a moderately high tem¬ 
perature in the preseiieii of a catalyst, such .as liiiely-divided 
metallic nickel, take up hydrogen to produce *“ saturated ” 
conifiounds eont.aiuiiig ttu^ maximum amount of hydrogen in 
the molecule of the fat (,s!abatier a.nd Seudereiis, IS!)7). The.se 
saturated fats are solids, and are frei- fi-om the objectionabh' 
odours and tasti-s of the raw oils, such as whale oil. 

Both for the pre|)aration of synthetic ammonia and for the 
hardening of fats it is essential that the hydrogen gas should 
be in a very |)ure condition. The maniifaeture of hydrogen 
of a moderate degree of purity presents no gri-at dilliculties, 
and has been carried out. for many years on the large scale. 
Such hydrogen has been used for lilling b.-dloons and for other 
purpo.sos not recpiiring very pun- gas. The economical pro¬ 
duction of pure hydrogen is a recent develo|unent of chemical 
technology, a brief account of which will now be given. Tor 
further details the reaik'i- may be referred to Greenwood’s 
“Industrial Gases " (Bailliere, Tindall and Cox. It>2(l), and to 
Rideal and Taylor's “ Catalysis " (Macmillan and Co., 1911)). 

One met,bod which has been used is t he eleetrolysis of water. 
An electric current is passi-d through water to which an alkali 
or acid h.as been added. Hydrogen is given olT at tlu^ negative 
pole, or ('k-etrode, and oxygen at the i»ositive pole: 2 H 2 U== 
2H.J IOo. In |>ractiee a dibit e solution of caustic soda and 
iron or nickel electrodes are used. Cnless great care i.s taken, 
the resulting hydrogen is liable to be eont.aminated with 
oxygen, which mixes with it liy diffusion, and if the proportion 
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of oxygen is large tlio gas boeomos dangerously explosive. 
E.xccpt in loealiiies where electric pow'cr is cheap, as when it 
is generiited from water power, the e.\|)ense of this method is 
prohihilive. Large cpiipdities of (^eetrolytie hydrogen, Iiqw'- 
ever, are made as a by product in the electrolysi.s of potassium 
salts in Cermany, for th ; manufaetma' of caustic potash, and 
till' power is obtained from lignite, and is theiadore. cheap. 
This gas is compressed iido steel cylinders at Ino etmospheres 
or more. ' 

'I'he ju'oee.ss most commonly used in England is Ijfi.sed on 
the decompcjsition of steam by ri'd hot iron. A black oxide of 
iron and hydrogen arc formed: iil'e | IILO^^ .-r' l''e:,0,j 1-111.,. 
'J'ho process is reversible, anil a large fraction of the steam 
passes on unchanged. The o.\ide of iron formed is reduced 
again to metifilic iron by heating it and jiassing over it water 
gas, which i.s oljtained by blowing steam over red-hot coke, 
and consists princijially of hydrogen, carbon monoxide, and 
carbon dioxide. 'I'he hydrogen and carbon monoxide reduce 
the oxide'of iron: I'ciO, | :tC() 1 l'IL -.;tEe | 2('(L | 21U). 
The iron is then heateil again and steam blown over for the 
production of hydrogen. .Several retorts a.ie used, and each 
is '‘steamed” and ” rednecd ’ alternately in the manner 
described. The I'ednetion of steam by heated iron evolves 
heat, whilst the reduction of oxide of iron by water gas absorbs 
heat. 

In the Lane process sjiongy iron is contained in vertical iron 
retorts, heated to dull redne.ss by gas bring, which ai'c alter¬ 
nately traversed by steam ami water gas. With careful 
Working, hydrogen gas of h'.i-a to per cent, jmrity is 

obtained, tiui chief impuritii.'s being carbon monoxide and a 
little nitrogen from air leakage. The jilants have capaiuties 
from 2.')b to in,non cubic feet of hydrogen gas jier hour, and 
the cost of hydrogen on a pre, war standard wa.s Is. per 1,000 
cubic feet, plus overhead charges. 

In another set of proci.'.s.scs I he start ing material is water g.as, 
obtained by blowing .steam through ineanih scent coke. This 
gas consists, as stated above, of a ilii.xture of hydrogen, carbon 
monoxide, carbon dioxide, and imimritics such as nitrogen 
(from air leakage, mainly accidental), and sulphur compounds 
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such as sulphuretted hydrogen from suljihur in the coke. The 
approximate composition by volume is— 


llydi'ogcn 
Carbon mooo.xulc 
(.'iirboii dioxide .. 
Marsh gas 
Kilrogcu .. 


'.. .. tit • 

.. 42 

4 

.. O-f) 

.. 4-r. 

Total .. loo 


'J'tie reactions it) the water-gas pnodueer are principally 


(1) (' l-l’lLO t-Rj ('R lower temperatures, dull 

redncK.s). 

(2) C-| ll.j()^=^ GO l-Jlj (at high temperatures, bright red¬ 


ness), 

(.')) CO I ILO (J( t^ I ILj (‘’walcr-gas etpiHihriuin ”). 


Carbon dioxide tind suljtluir coiujtouiids are removed by 
washing with water, jtreferaltly under ^tressure, tuid the mtiin 
prohlem is then to remove the carbon monoxide. Several 
processes have heen patentcil for this [)ui'[)ose, iiieluding tho 
ahsorption of earhou monoxkk^ in hot caustic soda solutioit; 
by ahsorption in ilry calcium citrhidc heated to redness; by 
ahsor|)tion in solutions of cop[ier salts, such :is cuproits formate; 
by the li((uefaetion of the carbon moiio.xide by strong cooling. 
Tho most promising method, however, is that |)ateided in 11)12 
by the Jhulische Aniliu niid Soda l''ahj'ik, of Ludwigshafea, 
(lermany. In this, a mixture of water gas and steam is passed 
through a catalytic material such as a mixture of the oxides 
of iron, nickel, chronuum, rare earths, etc., which is heated 
to 400’ to 1 ) 00 ' C. The carbon monoxide reacts with the 
steam, forming carbon dioxide, which is easily removed, and 
a further ([uautity of hydrogen from the steam; CO-l-HoO 
COo 1-11... This reaction is reversible; tlu' best yield of 
hydrogen is obtained by working at fairly low temperatures. 
Tho whole apparatus is lagged, and the heat given out in tho 
reaction is sutlieient to maintain the catalyst Jit the requisite 
temperature. A small (piaiitity of oxygen may also be added 
for the purpose of maintaining the temperatm’e, but this is 
not necessary if tho process is properly worked. Plants are 
constructed for this process up to a capacity of 35,000 cubic 
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feet of hydrogen per liour, the cost (pre-war) being Is. 9d. 
per 1,000 cubic feet. 

The hydrogen obtained by tlie lladiselie process still con¬ 
tains '1 per cent, or to of carbon inono.xide, a.nd is not sulli- 
ciently pure to be used directly for ammonia synthesis. 
Further purilieation is elTected by scrubbing with hot caustic 
soda solution, and with a solution of cuprous formate in 
ammonia, in steel towers at i’(l(t atmos[)lieres pressure. 'J'he 
economical manufacture of hydrogen by this method was thj; key 
to the success of the syntiudic ammonia proct.ss of t he J’adischo 
Company, which is now worked on a- gigiintic. scale (sec ]). 100) 

Hydrogen i.sals(i formed as a i)y product iu the rianufacture of 
o.xalio acid from sawdust, and in the manufacture of acetone by 
fermentation. 

• The Properties of Hydrogen. 

Hydrogen is the lighti'st gas knowm; I cubic foot umh^r 
ordinary atmospheric comlilions weighs only about one-tenth of 
an ounce. Air is ahout liftecu times as heavy as hydrogem. 
The gas •is used in lilling ba,lloous and airships. llydrog(ai 
is combustible, and burns in afi' with a |)alc blue llaine, forming 
water: -’ll, | O,- 2ll,jO. U'heu mi.xcd with oxygen or air it 
(x\plod(>s most vi(ilently i]i contact with a Ihune or .spark. 
Hydrogen gas compressed to Ion atiuosphercs is sold in steel 
cyliiulcrs, jiainted red, and with a left hand screw valve, so 
that they canmjt be mistaken for oxygen cylinders. On 
account of its intlanimabie character, hydrogen is dangerous 
in aii'ships, and it has been ju'opo.sed to re]>lace it by the com¬ 
pletely inert gas helium, or a mixture, of hydi-ogeii and helium 
which is not iidlammable. This was under consideration in 
(jlcrmany, in connection with Zeppelins, in On account 

of the great scarcity of helium the pro|iosal came to nothing. 
The American authorities, w ho have made a lluirougli investi*.. 
gation of the matter, report that the cost of the helium would 
exceed that of the, airship (see p. 5). 

Synthetic Ammonia. 

Although many experimenters have .studied the problem of 
ammonia synthesis since the work of Ucgnault in 1840, success 
was not attained until Professor Nernst and Hr. dost, and a 
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little later Professor Haber aud Dr. Le Rossignol, all working 
in Gertnany, tried the ell'eet of iiiereasetl pressure. This very 
soon led, in about 1005, to a workable process. It is note- 
wortliy that all these investigators were “'aeademie ” chemists, 
and'tlie re.searehes were not at lirst uiid'ertaken witli any idea 
of eoniinereial application. Nearly all iinporlaiit coiniuereial 
chemical discoveries liave been made in tliis way. The real 
discoverers are in practically every (uise mil tccimical cliemists, 
and have no concern wi(h Ihe commercial exploitation of the 
proces,se,s. It i.s not as.sei'ted tliatthi.s slate of alTairs is neces¬ 
sary; it is simply a fact that things are as stated. Another 
impoi'tant souicn of successful technical processes is furnished 
by old and forgotten patents. ' 

The laboratory work was so promising that in J!)ln the 
problem was taken uj) by the great Ikulische lirnj, ami with 
the intensive work (jf an army of chemisis ami engineers the 
manufacture of syiithelie aiumouia soon bcca.me a reality. 
Previous to IDU.') tlu! total weight of synthetic ammonia 
produced by all ic\[)rrimenlers, from the (im<^ uln;'! it was 
discovered by ih'gnault about Its to, probably did not amount 
to more than I or 2 [annuls. In I'.li’O tlu^ total capacity of the 
two (ieriuan factories amounted to 1,,500,000 tons of synthetic 
sulphate of ammonia. All this had been achieved in a space 
of less than ten years. 

in the Badische process the o[ieration i.s carried out at a 
relatively low tem[)erature, say .500 ’(b (just short of a red heat), 
under pressures of about KM I to 200 atmospheres, in the presence 
of a catalyst which accelerates the reaction. .Metallic iron, the 
very rare metal osmium, metallic uranium, molybdenum, and 
nuim'rous other sidistanec.? ha\ e bi'eu u.sed as catalysts. 

The amount of annnouia fonm.'d wlum the reaction comes 
to a standstill i.s greater the lower Ihe temperature and the 
higher the pressure. In [nactiee tlu^ tenpierature eainmt bo 
below .500’ (b, since otberwi.se the reaction becomes very slow 
even in the ju'e.sence of a catalyst. Tbe pre.ssure is usually 
2O0 atmospheres, allhougb in Ihe mwv jiroee.ss of Claude (sou 
p. 107) |)ies.sure.s up to 1,000 atmo.s|)beres are used, whilst in 
the proce.ss of tlu^ (lejieral ('liemieal ('om|)a.ny of America 
pressmes as low as .50 atniospiheres are specified. 
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Maxted has recciitl}' shown that at very high tcnipcratnros 
the yield of aiuinonia, after diminisldng, again inereases, 
]!y passing a mixture of liydrogen and nitrogen through an 
eleetrie are, a yield of '2 per (vnl. of amtuonia was ohtaiued. 
'J'his result, which can l)c j)redieted theori'tieally. indicates 
the possibility of synthesising aiiiiuoiua at the ordinary pres 
sure by a method siiuilar to that used for the manufaetui’e of 
nitric acid from the air (sec Section III.), I'he resulting 
ammonia co\dd be removed from tlu; gas. after cooling,*by 
washing with water, and tlu^ gas circulated again a;id again 
through the electric arc. 'I'lu^ great heat capacity of hydrogen 
as compared with air would indicate, Imwevei', ilvit the jrower 
consumption wajuld be vei'y mueh less economical, and the 
danger of producing an explosi\o mixlui’c by admi.xture of the 
gase.s with ;«r woidd also Ik^ great. An advantage of the 
method would be that very luire liydrogen would nut be 
rcipiircrl. 

The eijuilibrium yields of ammonia uniler various condition.s 
are given lijy Haber as follows; 
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Oppau, near Lutlvvigshafen, and at Leuna, near Merseburg 
(Saxony). 

The combined outputs during tlic war period of Oppau and 
Merseburg have been stated to l)e jis foll(){\',s (Statistical Sup])lc- 
incut to Nitrogeti Products ('omniitlct^ iieport, 1921): 

j Mchin Tons cj \ 

! Annnoniu per Dap. t Eislimaled Maximum 
I ('aiKtcihj in 

: I;)1L IlHS. 

I 25 -220 250 

'•it 100 yoo {ulu.'ii compluUi)^' 

i 25 G20 1,050 

Assunutig 05 |) 0 L- i-vnl. contimiuiis opciatifni, ttio iiiuximom 
iiimual (mlrpnts, (.■alculated ;is oirtcic tony of iinituoniuiu 
Hulpluiti', from the (H‘riuiiu Jl;il)er J.ietories arc - 


_ V 

Opliau 

Morseburj^ s. • 
'rolal 


li'lb jnis. loeo. 

25,0(»0 i S50,000 I l.5()0.O<JO^ 

i lie lirst tori on the site ol tlu; Janina. works was du^ iu 
May, lOKi, and the works was eornjileled in Atiril, 1017. The 
main jirodnet is 20 [H'r i-eidi. atnnionia li^jnor, aJthougli ani- 
moninm snlpliate is matle hy the ^^ypsniu procc.ss (see p. 157) 
and ammonium chloride hy the ammonia-sotla process (p. 170). 
'rho consumption of fuel amounts to I I.ooo tons of lignite per 
day, and lo.ooo euhie metres of water an^ used per hour, 
00 per cent, of t his being recovaavd an<l used again. 

I ho factory at (?ppau was visiteil by re|)resentativos of the 
Allies, including Lieutenant ■Met'onnek of the American 
Army, who has described Ids inspection in the Journal of 
Indudnol and EngtneernHj Chemidry for iSeptember, 1918. 

* Lator iiifonnatioii iralicates that this tiguro fur the Morsoburg works has 
not yot boon attaiuoU, atui tlio niaxituum capacity dkl not roach 1,050 tons 
per day in 1 ! 120 . 'I’lio oxiflosion at tlto Oppau work.s in l‘) 2 I (see p. 105 ) also 
reduced the total capacity of the iJcrman synthetic ammonia works (February, 

1922 ). ‘ N 
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During the year ending November 1, 1918, the works i)roduced 
OOjWKi long tons (of 2,ilo pounds) of eonibined nitrogen, or 
ten tijnes the ostiinateil eaj)aeity of the new American synthetic 
ammonia plant at Slivllield, Alabama (see j). 18(1), 'riiis„w ith 
tlic reported prodnetion of lL’.a,00(» tens at Leiina, amounted 
to half the total amwial oiit|mt of eombiiieil nitrogen from 
Chile. The Cerman Iteiehstag ollieially st.ated tiiat t(» 0 ,(Hi(i 
tons of combined nitrogen liad been pj'odiieed in ItHli. The 
capacity at tlppau in 1918 wa,s stated by Lieutenant .McCtmiicl 
to be as follows: / 


, 

Ton-'i 

[hr An mint. 

'fon.s i.'onibiitcd 
y itrogen 

IK'r . 1 nnum. 

AiiiiHDuiiiiii nilraU; .. 

.. ! 10.1)00 

;{,r»oo 

JSotlium nil raU; 

IIIIMIOU 

:: 1.400 

XiLric iicul 

•10,000 

i S.DOO 

Aiuiiiouia 

.. ! 10.01)0 

j .‘32.1)00 

• Tcjlal .. ! 

()0,700 


The cost of tin- plant at Oppaii is given as •> to 10 million 
jKHinds .sterling; the cost in .\riieriea iiinler present condition.s 
would l>e 111 millions. Tli<- works enpiloys l.ano laljourer.s, 
ihOOO mcelKoiies, t.tii elei'ks, and what will seem strange to 
the British commereial mind .'l.'iO expert ehemists. It ii.ses 
tlaily 1,750 tons of ligniUjand ;ioo tons of isike, and the total 
cost of operation amounts to .tl l.ooo |jer day. 

The estimated cost of synthelii- .-(jiliinn inir.ile made at 
Uppau is given as o-,s7d. pi]' pound, or 5fd. per pound of 
combined nitrogen. Natural ( bile ijilrat.'. at 9s. per (pdntal 
is Id. per pound iji Chile, iepresenting ti’l. jar pound of e.om- 
bined nitrogen. if all tlm annnonia made at Oppau were 
turned into nitric acid, the laltei' could ln^ made at a co.st not 
exceeding Ijd. per pound; thi^ ))ie war price was 2^d. to .'id. 
per pound, and is now much higher (.Met'onnel). 

It is perfectly clear that the rest of the world is faced with 
a German industry which has entirely jiasscd iido the region 
of successful technical development. 'J'hc production of vast 
quantities of synthetic nitrogen compounds by the Haber 
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process is not, in Germany, a remote probability, but.is an 
accomplished fact. 

The actual working' details of the Haber process are k(!pt 
seefe(., but the broad outlines of tlie me^^hod arc well known. 
The catalyst is eontaiiied in a .series of say lifteen steel bombs, 
throuf'h which the mi.xlure of carefully purified hydrogen and 
nitrogen, in the ])roportion of .'i to I by volume, is eirculatcd 
under a pres.sure of 200 atmo.spheres. A system of heat- 
exchangers is used, so that the. heat given out by the cliemical 
reaction in the boiidis is ulilised in heating the incoming gas, 
and too great an (elevation of temperature isavoidisf. The gases, 
after i)assing tlirongh a catalyst bond), arc: ccjoled and washed 
with water under 200 a( inospheres pressure to dissoive out tlie 
ammonia. The residu.al gas is dried, brought uii to I’ooalmo- 
s[>heres pressure, and passed through the ne.xt bond.)', and so on. 
Eresh gas is added to make up the amount in circulation. 
'The argon present in the nitrogen accumulates, and part of the 
gas has to be blown olT to waste from time to time to [)revent 
the argon rising above: a certain amount in the; gits. Tins 
would put iin mmconondcal loiul on the eompre.ssors, and 
would reduce the .s[)eed .nid yield of the reaction on account 
of tlie lowering in pre.s.surc of the active giiscs iii the mi.xture. 

The imderiid of tfie bombs is imptirtant. if ordinary steel 
is exposed to fiydi'ogen at ii, high tejnperiiture, the carbon is 
removed and the steel becomes rottcil. Chrome steel, free 
from carbon, is used. Lining the bombs witli pure electrolytic 
iron may also .serve the purpose. 

It has alrciidy been emphasised that the form in which 
ammonia is nuiiidy iisetl iis a fei tiliser is in combination with 
sulphuric acid as ammoiuum sulphate (" sulphate of am¬ 
monia") (M II.,).,,S|■ fn the manufacture of this salt, am¬ 
monia is absorbed in sidphuric .acid, and part ))f the cost of the 
finished product is natnndly that of the sulphuric acid required. 
'This acid is mailc iu most couutrics froni iron pyrites, or to a 
less extent from sulphur, either native sulphur (increasingly 
in America, where thiae arc large deposits) or sulphur recovered 
as a by proifuct in the alkali inilustry (Chance-Claus jirocess), 
or in the purilication of coal gas "spent oxide" sulphur 
(see Tartington's “ Alkali industry,” Railliere, Tindall and 
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Cox, 1918). During the war the supply of sulplturio acid, 
which is used in immense .amoimls in the miinufiicturo of 
explosives, ran short in the Allied countries, hut the deficit 
wa.s 'more ]);xrtieulalj\- felt in Cei'miiny cm aeeouiit of (In' 
cutting olT of part of the supply of pyritc's hy the lilookadce 
The ftadische Com|)a.ijy. I lierefcire, lurued ifs atfentiem (o the 
replacement of (he cosily and scarce .sulphuric acid hy some 
cheaper and more ahundaid malcrial. (Inc such material is 
gypsum, a minerid form cef c.ilcinm sulphate, Ca.80,,iM|„(). 
which is found in very large' cpiantilies. tlypsnni, is mainly 
used to producer plaster of I’aris, hy healing it t.o drive' off 
part of the' water, E.xpc'iime.ijs were- made'wilh the' eehject 
eif o.xtreicting sniphurie' ae'id from gypsum, anel althemgh tlu'y 
we're'.neit ve-i'y preemisiii;y a melhoel eif pre'paring ammeinium 
sulphate fr«m ammotua eind gypsum inste'iul eef eimmemia anel 
snl|)hurie: acid wa.s suce'e'ssfully cvolve'd. It, vas feiunel that if 
(inedy ireewdcre'd e'.'ile-ine'el gypsum, whie-li is spjiringly seehihite 
ill wate'l', is suspende'd in a solution of ennmoniei, sue'h as is 
eehtaine'eNiy washing with water the gas from the llahe'r ))lant, 
anel a curi'ent of caihon dioxide is at (he same time pas.se'el 
into the snspension, calcium carheeiialc (chalk) is pre'eeipilated 
and a solution of .■i.mrnonium sulphate' is formed. The solution 
is filtered eind evaporated in vacuum eippei.ratus. ('.•i.rhon 
elio.xidc is formed as .-i, hy pi'oeliieet in the' manufacture of 
hydroge'n from weifer gas. ees previously eh'serihed, 'I'ho 
chemicid re'action is 

Cast), |-L>Nlh, | ('(l., I ll.,0 Cat'O,, j (NH,),SO,. 

This so called “gypsum process " is eef great importane'C. since 
it ve;ry mate'riedly lowers the ceest eef preeelued ieeii eef ammemium 
sulphate frenn ammonia. It is preeh.ihh' ‘hat. it will have an 
impeertant futures in the' synl het ic ie,mmeenielm sed|)hafc industry. 

'J’hc ammonium sulphate formeed in this weiy is perfectly 
white anel ne'utral, anel re'piesenis thee ve'ry highe'st graeh' eef 
material which cein peessihly hee ineieh'. 

Wages and Power Costs in Germany. 

Under pre-war ceenelitieens weige's in Ce'rman eehcmical fac¬ 
tories were peculiarly variiihle: :i (Ki hemr week wens ceemmem, 
and the rate of pay for geneTevl lahemr w;is (l•{i5 rnark per hemr, 
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or a weekly wage of 43 marks. Since the war an 8-hour day 
was fixed, and for similar labour the hourly rate rose to 
1'7 mark.s, equivalent to a wcoki}' wage of 81-0 marks—an 
increase in wagers of Oo pei-cent, with a lodtiction in working 
hours of almost 38 per cent. If the .same o\)tput per hour is 
assumed, the labour (iost has risen lOo per cent. There was 
evidence, howesver, that the. output per hour had fallen off iq 
I!)I8, in many ea..ses by iiliout ])er cent., so that the labour 
didieulties confronting industry arc tiot confined to British 
conditions. 

One of the most striking features of the growth of the 
chemical indu.d.'y in (Jerman^y during the war was the ap- 
j)arently ])erman('nt valine of much of tln^ added ])Iant and 
buildings, fn this there is said to be a sharp contrast to 
British <dTort, nearly the whole of which had .-i piircly tem¬ 
porary value, which has now disa|)pea.reil. h’nll consideration 
appears, in fact, to have been given in (Jermany to the possible 
adaptation of buildings and pla.rd to industrial eondition.s 
when th(^ war demand had ceased. , 

An example of what is regai'ded as the typical German 
method is furnished by the Dorm.igen pl'uit for the production 
of ])ieric acid and 'I’.X.T.. belonging to the Bayer Company, 
and siluateil on the left h.ank of the Bhine a little way from 
Beverkusen, on tlu> op|iosi|e sid<' of the i-iver, Tln^ buildings, 
which were begun late in lUlli, are solidly constructed of brick 
anil ferroeonerete, the sulphonating and nitrating hou.sc.s 
folloii'iiKj ill ilctiiil the. iji’.iii.rnl p/nii itilnpteil iis the shiiiiliiril for 
xiieh iniii' in the iliii/er iiliiiit.f. Tin' nature of the building.s 
and the substantial and finished character of the plant arc 
said to leave no doubt that “ they are intended to be a per¬ 
manent addition to the l!ayer factories, a.nd with very little 
a'teratiou can be eonvert.ed into a large installation for the 
manufacture of intermediates and dyes ” (.see Allan, J. Soc. 
Vhem. ]nil., 1010). 

Other eyewitnesses, however, merely state that in this 
factory “ everything is done on a. lavish, not to say unduly 
e.xpensive and elahorate, .scale" (.\llmand and Williams, 
Inc. cil.). so that the result is more probably due to slavish 
adherence to established routine, which is characteristic of 
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most cliemical engineors, rather Hum to any special far¬ 
sightedness on their part. The word.s italicised appear to 
support this view of the matter, which has not been given 
much prominence. ‘ 

A valuable aid to tlie (le\ e]npment of Tiianufacturing pro- 
ce.sses in tlie Tlliineland area is provided liy the exlensivo 
deposits of lirown coal (lignite) vhieh oi'eur somewliat re¬ 
moved from the river be1we(']i Cologne aiid Crefeld. The 
ea.so of working flu'se beds (llu'n' are similar de])osi1s in Saxony) 
permits of ))ower being obl.iined ;i.t \'ery low costs, and there 
arc several large power stations sitn.ated in the lignih^ a,rea. 
which in pro war times distri'mted ])ow('r to t-onsuniers at 
about Id. per unit, and ar(‘ stateil to l)(> snp|)lying i)owor to-day 
at ild. per unit. 'I'his is very much lower than any prieo 
pns.sible with coal in lOngl.and. 

The StickstolTdiinger Cabrik at Knapsack, manufacturing 
ealeium carbide anil eyanainide (.see [). 209) in the brown coal 
area, formerly produced jmwer at i',,d. per unit in its own 
I)ower-sta>ion. but recent increased labour and material 
charges have increase.I the cost to the still very low figure of 
ityl. per unit. An eyewitness remarks that “it i.s didieult 
to see how' competition with these is to be met unless the 
projected central power schemes proposed for this country 
can distribute power at eipially low rates." 

The r|uestion of jiowiu' costs is of basic imjiorfance in nitrogen 
fixation. 'I'he Haber jilan's at Oppan and .Merseburg are 
spoken of by an ej'cwitness as “ enormous in their dimensions, 
and a monument to the skill of the chemists and engineers 
who have erected them. Similar words ma.y be applied to the 
plants at Hiieh.st and Leverkusen, in which ammonia is oxidi.scd 
to nitric acid (p. 27S), and the imposing sight, of the interior 
of the building at llbehst, which houses 2o(i platinum eatalj'sfc 
vessels with their various connections, is one which a chemist 
cannot easily forget. 'I’he capacity of this particular plant is 
8,000 tons of nitric acid (loo per cent.) f)er month, so that 
approximately 1 ton of nitric acid i.s produced by each catalyst 
vessel per day. 'The whoh; installation, with its plant for 
vaporising ammonia, fans, catalyst ve.ssels, absorbing towers, 
and nitric and sulphuric acid concentrating plants, is an out- 
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standing example ot the mass production policy which has 
been so largely adopted by the (Jcrnian chemical firms as a 
means of reiliicing production (msts.” The Ifbchst plant was, 
how(wer, erootod to supply war needs. ' 

“ A striking feature of this and very many plants for other . 
piirpo.ses is that though in tlu^ aggregats^ the output is very 
great, the |)l;ints l-lu'Uiselvr's consist of many units, <'a(di of 
wliieli is a c(]mple((^ plant in ilself, and enlargement of output 
is arrived at by ereeding a fresh series of nidts rather than by 
increasing the sizi; of thi' eonstituerd; part of the unit.” 

It is not(!Worthy in this eonneetion that the laboratory 
experiments bn ammonia oxidation mad(^ by (he anthoi-s for 
the Mmutions Inventions Departimmt in Ihigland were based 
on just this principle: tln^ size of unit employed in the labora¬ 
tory was not f.ir from (he (.eehnical mut, and in'later experi¬ 
ments was identical wilh it. Much ill-dii-i-c(ed criticism on 
“ the slight value of ti'st tubing (o (he chemical engineer” is 
the usual rravaial tor (heii' work (o (he reseau'ch ehemists. A 
great deal is of(en mmh! of the gigaidie ililVicnl.ies facing 
engineer's who ar-e leiinired (o put a laboratory method into 
industrial oper'ation. V'ery oflen (hi^ l|•ouhle lies irt the attempt 
to diver'ge too fi’eely fr’oni eondilions whiidt have been fonird 
in the laboralor'y to he essential, and to launch into anrlritioirs 
modilicalions, which bviitg (he [iroeess into familiar gi’ooves, 
Inrt take it out of tiu' realms of [iraelical realisal ion. 

Synthetic Ammonia' at Oppau. 

The 0|)part works was visiled by conrmissions front a nurnbor 
of Allied cormtries. mostly for a few hours oirly. These earlier 
visits were followed by a secoiul ollieial mission in 1910, 
planneil by the late Tsird Moulton, who during the war was 
iuMid of the Department of Mxplosives Sir|)|)ly. This official 
Goverrrrnent mission inehrded the lal(' Dr. (Jreenwood, who 
superintendeil the invest igation ot the Ifaber process in 
Kngland. and foitr nrember's of tlu^ stall of Me.ssrs. Hrnnncr, 
Mond and Company, who are developing the Haber process 
in Knglartd (see )>. 17S). This teclmieid mission spent three 
weeks at Oppan: it rrret with some ob.struction, brrt no doubt 
acqirired a good di'al of information of value, which has not. 
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of course, been made public, although the expenses of the 
mission were defrayed largely from pulilic funds. 

From other sources, however, a good deal of information 
regarding Oppaii has'eome to light. .Mention may be made 
of the communication of one of the aiiflior.s (./. S. ('. .Ajiril I, 
1921), and .some pnliljeations in .America (('hem. und Met. 
E/ig-, 1921). 'I'he Oppan plant evidently liid not r('))resent 
the. last word in nitrogen lix.ation by the Haber process. 
Extremely careful regulation of pre.s.snres, temperatirres, 
qiniiitities of ga.s mixture, and purifying ag(''nts. were needed 
to control the manipulation of the eonipliealed plant, Uepairs 
and uj)keep were heavy (see |). ISO). It is .said'tflat in all over 
.seventy explosions had occurred .at Oppan since it started. 
During the lirst pei'iod. from 1911 to 1915, ammonia was said 
to cost onlyt’d. per pound, exclusive of interest, but including 
a small sum for depreciation. .At that time, however, the 
lignite fuel cost only Ss. pi‘r ton, coke only 1 lis. per ton, common 
labour .'is. to 4s. per day, and skilled labour ,5s. (Id. to (is. |)er 
day. .At «the pre.sent time production costs an; said to be 
three, and wages six, times these llgures. 

The BaJische t'oinpany originally posst'ssed a. Leblanc .soda 
works on the Lndwigshafen site, but this has long since been 
abandoned. The, Lndwigsliafcn site is on the bank of the 
Rhine in the towji of Ludwigshafen, facing Mannheim on tho 
opposite bank. The Ojjpan factory is situated 9 kilometres 
further north on the sanii bank, and practically form,s a 
continuation of the Ludwigshafen works. 

In 1919, following work on a sni.ill experimental plant at 
Ludwigshafen, a synthetic .ammonia factory wa.s erected at 
Oppan, with a capacity of l’o tons of .ammonia per day. Thi.s 
was iner(;ased to a capacity of 2()(( t.ons vk.t day during tho 
war. The Oppan works now deals exclusively with synthetic* 
ammonia and its products. 

Tho Lcuna works, near Merseburg (Halle), w'a.s erected since 
1910, and had in 1918 a capacity of about 4(10 tons of ammonia 
per day. (This is being extended to 800 to 1,090 Lm.s per day.) 
The synthetic ammonia process has been associated with tho 
ammonia-soda process, and the use of sulphuric acid in tho 
manufacture of ammonium sulphate has been replaced by 

11 
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the production of tliis salt from ammonia, gypsum, and carbon 
dioxide (p. 157). 

The number of workers employed at Ludwigshafen (for all 
purposes) during the war was 13,()()()'to' 14,000, as’‘against 
8,000 to O.OOO previou.sly; at Uppau 5,000 to 6,000 were, 
emploj'cd during the war, and 3,000 in 1919. Communication 
with Oppaii is by railw'ay. 

The combined capacity of Oppau and Merseburg in 1918, 
210,000 tons of aiiunonia per annum, <!orrcsponds with over 
800,(too tons of ainmoninm snipliate, or 1,050,000 tons of 
sodium nitrate, per annum, ajul is now sutlicicnt to enable 
Germany to’ dis[)en.se entir/4y with Chile nitre. Other am¬ 
monium salts, Snell as tile chloride and nitrate, and mixed 
.salts for agriculture, ari^ being juit on the market. • Oppau 
wa.s said to have cost .tio.ono.ooo, and no expcn.sc has been 
spared on the.se jilants, everything being on a most substantial 
and elaborate sisile. 

Description of Oppau. 'I'he power house geneiates 15,000 
to 10.000 e.h.p., derived fi'om lignifi^ gas. 'f'lic lignite is 
brought up the Ithine from the Ituhr district, and is used in 
the form of briquettes, 4 inches liy 2 inches. (At .Merseburg 
it is not briquetted.) “ liainag "* jiroduccrs, 12 feet by 25feetj 
with rotary grates, are used, only a little .steam being added. 
Irom each kilogramme of lignite 3 cubic metres of gas (29 per 
cent. CO and 12 jier emit. II) are obtained, d’wo parallel rows 
of producers and water gas generators, 12 to 14 units in each 
row, arc used. Each producer {akes 20 tons of lignite and 
producc.s 2 million cubic feet of gas per day, representing about 
18,000 kilowatts. 

The water-gas gimerators use Ruhr oven coke, are 15 feet 
by 25 feet, of the Pintsch tyqic with rotary grates, burning 
over 30 tons of coke and producing 3 million cubic feet of 
water gas per day. Some air is added, so that the resulting 
gas probably contains 18 per cent, of nitrogen. 

The water gas is then treated in the Bosch hydrogen catalyst 
plant, consisting of 20 catalyst units in two sections of two 
rows of 0 to 7 units. Each unit comprises two heat-exchangers 
and one catalyst chambiT, the latter elevated on girders. 

• “ Bamag ” =Berliii jViihaltisohfr Masclimeiibau iVklien-Gesellschaft. 
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Each chamber has an oval cover with two 8-inch inlet pipes. 
The catalyst chamber is 1(5 feet by 12 feet by 10 feet deep, 
and probably contaii^s two catalyst beds. The main .ex¬ 
changer is .30 feet by (i feet; tlio other i.s half this height. The 
whole plant is lagged and autotherinie working is possible. 
The issuing gas contains a few tenths of a |)er cent, of carbon 
monoxide. 'I’he oat.alyst was stated to h(> the .'gillie as that 
used in ammonia oxidation (p. 2So), pi'ohahly oxide of ifon 
and chromium: it remains active for two years. Thiye,suiting 
gas is carried by a .■5-fo(it main to the compression ])lant. 

Jlcifore final compression the eailion dioxide isVmnoved from 
the gas by washing with watej- in tinwrs. The issuing water, 
which is circnlateil by pumps, passes through I’elton wheohs, 
in which (50 p«r cent, of tln^ power is recovered. The dissolved 
carbon dioxide i.s collected. There are eight steel towers, 
.'50 feet by 4 feet, packed with rings. The water enters the 
top at 2.'5 atmospheres, ( he gas, n,( a slightly lower pre.ssure, 
being sent iii at (he l)o(t()m of the tower. The gas then passes 
through steel bottles to act as spray catchers. 

The gas is now eomiu'essed to 200 atmospheres, and ])a.s.ses 
to the jilant for (he removal (jf (he carbon monoxide. This 
is ctTected by ammoniacal copper format<‘ .solution and by 
sodium hydroxide solution, kighl. towers are used for the 
copper solution and eight for (he soda, solution, each g.l to 
30 feet high, and 2 feel. (5 inches external diameter, packed with 
Guttmann ball.s. The solutions are circulated by eight 
hydraulic pumps of .sj)ecial forged steel. The towers are also 
of special steel, in one ])iccc. Hanged at the (aids. Vertical 
steel bottles are situated below the towers to act as liquid 
traps. The cojiper solution is then pumpeO.nlown two lO-foot 
towers, and the carbon monoxide liberated is collected; the 
solution absorb.s ten times its volume of gas, and the, exact 
composition of the solution is imj)ortant. d’he power used in 
this plant i.s 2(50 h.p. 

The purified gas now passes by a high-pressuro main to the 
catalyst plant, where the requisite anujunt of nitrogen from 
a Linde apparatus is added to make up to 25 per cent, in 
the gas. 

The cii'culatory catalyst system comprises 15 units, each of 
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20 tons of ammonia per clay capacity. About 6 per cent, of 
ammonia is formed, and the gas is then pas.sedto the absorbers, 
wliore the atnmonia i.s (^xiraclod iinler prcs.sure by water, 
d'lie total gas circulation is abo\d 1cubic feet reckoned 
as free gas. 

The j)Owet' for circulation is about HI.'i kilowatts. About 
10 per cent, "f the gas is lost by leakage. Argon and methane 
arc allowed to accumulate to the e.xteul of several per cent. 

'The ^laber catalyst bombs consist of two sti’aight .sections 
of llang('d Krup)) steel forgings with a bolted llange in the 
centre, Mach half is ll»-7j'cct long, the intiu'iial diameter is 
;il-l inches, a.nd the walls ai’c 7-1 inches thick. The inside 
probably contains liuci’s fitting closely to the main ves.sel and 
on the. ends of which the covers make a. gas-tiglyt joint. There 
may be two furthe!’ sheaths littiug loosely inside the liner, 
lined inside with refractory material. The space available for 
the catalyst is about 20 irudies. Tln^ outer walls are heavily 
lagged and h.ivi' a. Iem|)erature of .'loo' to •t(t0'’,(: the tem¬ 
perature of the catalyst is probably about GOO 'C. The covers 
are held in position b\' liftetai stvids of -1 iiudics diameter. 
The cost of ('ach bomb e.xceeded |(K»,000 marks. Ileat-inter- 
ehangers of steel forgings, l!)-7 fief long and 1.7 inches external 
diameter, litti'd internally with inch tubes autogcnoiisly 
welded to lube plates, ar(^ provided. 

Mach eat.ilysl bomb with its heat interchanger is mounted 
vertically in a separate compartment, the top of the bomb 
projecting a little a.bovc' the latter. 'I'lic compartnumts are of 
brickwork, closed by iron doors, with strong planking. 

'The starling appears to be done by admitting oxygen, which 
is not brought in.contact with the catalyst. Electrical heating 
may also be useil. 

The catalyst consists of iroir with a promoter. The presence' 
of tf-OI per cent, of carbon monoxide in the gas is injurious. 

The ammonia is removeil from the gas at 200 atmospheres' 
pressure by scrubbing with water. Three water-injection 
pumps are connected with nine .sets of absorbers. Each 
absorber consists of three steel spirals one above the other, 
the upper one being at a lieight of GO feet. The gas is admitted 
to the lowest spiral, passing down this, then similarly through 
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the other spirals. The water flows from the top to the bottom 
by gravity. Each coil is watiw-cooled, and a io per cent, 
•solution of ammonia is oblained. Liquefaction of the, ammonia 
by cooling is uneeortonfjeal. 

d’he Oppaii works was eoi)sid('ral)ly damaged by a disasfrous 
exj)losion on .'September' 21, lUgl. when a Iarg<' number of 
wwkmen (about I.OOO) lost tbeir lives. The cause of the 
di.sa.sfer is attributed to the explosion of a slock of I.I^Ol) tons 
of fertiliser containing ammonium nitrate. The com|)any w»re 
in the hal)it. it is said, of bl.isling tliis inateja.d when it, had 
agglomcrateil, and tlu' result might reasonably hfu’o bi'on 
expected (see .L S. ('. 1!»2I, p liHin). • ♦ 

The Haber Process at Merseburg. 

The proc('s»i carried out at Merseburg dilVers from that- al- 
()p|)au in two res|)ecls: (I) The mixtuia' of nitrogen and hydro¬ 
gen is made ilii'ectly by trisiting a, mixlnre of producer (air) 
gas and water gas, with the .addition of sle.am. by the Ito.sch 
process; (2^ I lu^ purilied mi.xtnre of nitrogen and hydrogen, 
before passing to the m.ain calaivsl furnaces, is passed through 
a seric.s of sm.dl c.ifaivsl fniai.K-cs (“ Vcjrobm ”) to renK)ve 
impui'ilies. 

Then^ are thirty-one gas gcni'r.ators, live for air gas .and the 
rest for waiter gas, all the .air being piovidial by two blower,s, 
each of .350 h.p. Tlu^ g.iscs .are passcil Ihniugh three gas¬ 
holders. each of l,7h.‘).oo(i cnbii- feet capacity, providing a 
reserve for fifteen minutes, l-’rom these thi^ gases arc ta,ken 
and mixed by blowers. 'I'he mixial gas then takes up the 
requisite amount of water vapour in two rows of six tiiwers, 
each 82 feet high, through uhiidi hot water is pumptal by 
seven pumjts. caidi of 70 h.p. The water is warnual in a lower 
by the ga.ses leaving I he he.it-e.xch.anger of the contact furnatte.'* 
for the hydrogcai pjaiduction. There an; forty eight lic.at- 
exchanger loweis. 

'I’he gases, containing hydrogiai. rdlrogen, carbon raonoxiihg 
and some carbon dioxide, now pass, after jireheatitig, to two 
sots of twenty-four contact fuiiiiKc’s in whi<'h the reaction 
C0-fH30.< --> ('()„ i II. occurs. 'I’he gas |)a.s.ses to two ga.s- 
holders, one of 350,000 cubic feet and one of 1,0.50,000 cubic 
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feet capacity. Carbon dioxide is removed by washing with 
water in twenty-one to thirty tower.s at 25 atmospheres, the 
compression of the gas being in largo part effected by one of 
the cylinders of the 2l)0 atmo,spheres conipressoi’s, although a 
few pumps for 25 atniosplieres are provided. Pelton wheels 
recover about 40 per cent, of tlie energy of the released gas, 
which power i.s utilised to compress water to 25 atmospherfs. 
The power for this part of the jilant is 40,000 h.p. 

Tor the removal of the. e.arbon moiio.xide, the gas, compressed 
to 200 atmo.spheres by twenty-four 1.000 h.p. compres.sors 
and twelve 500 h.p. compressors, is .scrubbed in nineteen 
towers with' ammoni.acal copper formate solu.tion circulated 
by nine doubk? pumps <if (ioo b.p. Tbe carbon monoxide 
recovered by reducing tin' pressure in towel's is .sent along 
with water to tlm bvdrogen contact plant. Sk towers for 
caustic .soda remove the remaining carboe, monoxide, tin; soda 
being circidatcd liy six small pumps. 

'rhe gas now pas.scs to nine sni.'dl contact furnaces 
(“ Vorofen”), in wbieh the remaining impurities a,'”e removed 
by catalyst mass before passing to tbe main contact furnaces. 
There are twent-y-four main catalyst furnaces, five being 
in re.serve. ami twenty-fonr lieat-exehangi'rs. Circulation is 
effected by eleven pum[)s of 7(ttt b.p. eacb (" Ibnlaufpumpon ”). 
The ammonia formed is absorlied in water compressed to 
200 atmospheres by live lOO-h.p. and two .'!oo b.p. pumps, in 
twenty tower.s :!!)•:! feet high and 2t) inches in diameter. The 
ammonia solution i.s pa.s.sed to an t'.xpander. the ammonia gas 
evolved being absorbed in a .separate tower. In the expansion 
the hydrogen and nitrcigen gases tlissc.ilved in the water under 
200 atmospheres pressure are liberated: these pass through the 
ammonia scrubbing, tower and are collected in a gas-holder, 
from which they re-enter the circulatory system. 

This completes our account of the Haber process for the 
synthetic ju'odmdion of ammonia as operated in the manner 
patented by the Hadisehe t'ompan^^ W’e shall next describe 
the exceedingly intere.sting and important modification of the 
process due to M. Georges Claude, the well-known French 
scientific inventor, and Director of the .Societc I’Air Liquide. 
This process is likely to become a formidfiblc rival of the 
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process as operated by the Hadisclie (^mpany. although it is 
not at present in use on a very large scale. A unit capable of 
producing !> tons daily is at present in action (sec “Nature,” 
1921, 107, 765; J. 8 . /„ 1921, 420k). 

The Claude Synthetic Ammonia Process. 

In 1918 M. Ceorges (’lanile announced his invention of an 
improved synthetic amtnonia procc'ss which has attracted 
widespread attention. It dill'crs from tiie Haili.sche process 
principally in operating niulcr very much ,iighcr pressures. 
Pressures as high as l.ooo atinos|)licrcs arc nsedf and the 
percentage of .ammonia obtain"! in the gas i.s' then 2.5, ns 
compared with le.ss than 6 in (he Badisclu! [irocess. With tiiis 
high percentage, simple cooling with water umhu' tlu^ high 
pressure suflk:cs to liquefy out most of the ammonia, which is 
thus easily .separated from tlic mi.\tur(‘ of I'csidual hydrogen 
and nitrogen. From the li(|ui(l, ammonia gas is obtained by 
evaporation, and in tins form it may be. used in the a.mmonia- 
soda proci«<.s. or be converted into iiitilc. add liy o,\idation. 
There is very little loss of pressure, as it is only necessary to 
circulate the gas three or four times over the eataly.st, owing 
to the large ainoimt of conveu'sion on each dismlation. Tlio 
yield of ammonia amouids l(j li grammes jx'r hour jx-r gramme 
of catalyst, as compared witli 0-.5 gramme by the llabcr 
process. 

Very successful trials of tin- Claude apparatus were made 
on the experimental scah^ in Fails, and in .June, 191!!, the 
iSociete dc la (Jrando-l’aroisse was fouudecl by tlu' amalgama¬ 
tion of the Societe I’Air bi(|uide and tlie Compagnic de Saint- 
Gobain, with a capital of .'ll million francs. The Air Liipddo 
Company placed at the dispos.d of tiie new concern tlui factory 
at Montorcau, and the (.'lamle jiroccss was tested there. On* 
full-size unit is now in operation at .'Monlereau. 

In 1920 it was announced that the sole rights of the Claude 
process in Great Britain ami Ireland, South .Africa, the Gom- 
monwealth of Australia, New Ze.dand. and India, had been 
acquired by the Gumberland Coal, Fmver, and (‘hcmicals Com 
pany, Ltd. As soon as the full size commercial unit at 
Montereau is in operation, it was slated, an Fnglish company, 
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to be known as Atmospheric Nitrogen and Ammonia Products, 
Ltd., is to be formed, with a capital of £2,500,000. It is 
proposed that tliis new company shall erect a synthetic 
ammonia plant on ground adjoining th(t AflcTdalo Cok(^‘ Oven 
Plant at Great t.'lifton. ('iiinberland. 'I'his site is within two 
miles of the port of Workington. Thf first unit of the syn¬ 
thetic ammonia plant will bo of .sutlicient size to permit of 
the production of ."iltoon tons of ammonium sulphate per 
annum. While there is every eontidence in the merits of 
ammonium chlorMe, which is produced by a proces.s patented 
by Glaudc and described bidow. as a. fertilisei'. it ha.s not yet 
become estalAi.'thed in British,agricultural iiractice. so that the 
first proiliiet to bo manufactured is to be ammonium sulphate, 
'or which there is a ready market. A small plant is to produce 
xmmonium chloride, and this material is to have a thorough 
trial as a fertili.scr. The ('iniibcrland Coal, Power, and 
Chemical Co. has recently acipiircd a cold rolling interest in the 
Ty.s.se hydroelectric ])ower station (l-l.'i.OOO e.h.p.), which pro¬ 
duces power at T-, of a penny per kilowatt hour, with factories 
at Odda, where it is proposed to make 156,00(1 metric tons of 
ammonium siiljihate per annum. 

A brief account of the peculiar features of the Claude process 
may now be given. 

The im|)r'oved synthetic ammonia proci'ss develo|)cd by 
iHaude dilTers essentially from the dcvelo|imcnt given to the 
original Haber iiroccss by the Badisehe .\nilin iind Soda 
Pabrik at Oppau, near Ludwigshafen, by aiming at increasing 
instead of diminishing the pressure at which the nitrogen and 
hydrogen enter into combination to produce ammonia. Both 
in Germany and in the United States the tendency has been 
to endeavour to bring about the combination at lower pressures 
rather than at higher pressures. The German original working 
pre.ssurc was some .'too atmospheres, and this has been reduced 
in pre.sent practice to some 2(M> atmospheres, while in the 
United States the General Chemical Company's modilied Haber 
proce.ss has further reduced the |)ressure of combination to 
about 150 atmos[)heres or even lower. The relatively high 
temperature at wdiieh the process was originally worked ha.s, 
liowevor, remained unaltered at about 600“ C., both in Germany 
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and France. The French process, which is based upon original 
patents obtained by Claude entirely iiulependent of those 
upon which the Kadische Company rely, increases t he pressure 
of cortibination to* 1,^00 atmos])lieres (14,0(10 pounds to the 
square inch) without reducing the fem|)eralure at which the 
combination is elTected^ 

.This pressure is reached in three main stages viz.: 100 (by 
the-aid of ordinary compressors), and then is .at once brought 
to .‘too and 1,000 atmos|)heres l)y special compressors so »on~ 
striieted that at tlu^ higher pressure they wofk fri'cly and with 
little wear and tear. Ity thus increasing the jft'c.ssure of 
reaction to 1,000 atino.sj)hercs Cie yield of animonia is in¬ 
creased in practice to about I’o per cent., while the speed of 
reaction is eommensurately increased. 'I'he power required 
to com()re.s.s*to l.ooo atmospheres is admittedly greater than 
to IlOO atmosplnu'es. Init there ai'i' sonu' esseuti.al a,dvantages 
secured which in the llnal |•('sult inal<(' the total power e.x- 
pended per ton of synthetic a.mmonia produced no larg(U’ than 
that requifed for compressioji at I'oo .atmospheres. 

Further advantages ela.iimal are 

(1) In the French process conversion is ell’e<-ted in a single 
operation at l.ooo atinospberi's instead of a lengthy chain of 
operations in th<‘ tterm.in process at goo atmospheres, where 
that pressure has constantly to b(‘ ni.iinl.iined and restored at 
Bach step. 

( 2 ) In the French prois'ss the spontaneous (aindensation of 
the ammonia fornual iu I lie circulating gas is elfceted by 
ordinary cooling water at ordinary pressures, wlu'reas the 
German method makes the use of injected water at high 
Dres.sure (200 atmos|>heres) compulsory to ensure the re-entry 
of the uncondensed gases into lh<' circnla,ting mass at that 
orossure—as well as to make good the lo.ss of pressure in ti*c 
immonia tow'crs. 

(.3) The condensation of the ammonia in the French proces.s 
.s effected in a liquid condition, which provides a valuable 
source of refrigeration for tlie succeeding process of tin,' fixation 
)f the ammonia in a form suitable for agrieull oral use. 

(4) The evaporation of the ammonia to a ga.seous form, 
vhioh in the original German process constituted an additional 
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source of expense, becomes entirely unnecessary with the 
French process, as the ammonia, being in a liquid form, passes 
of itself to the gaseous state without distillation. 

M. Claude has from tlio outset appreciated the fact th'at the 
comihercial success of tlie cheap production of synthetic 
ammonia ncoc.ssarily depends uj)on its increased employment 
in agriculture. 'J’his in its turn depended upon its being linked 
up with a I0.SS expcn.sive and more satisfactory method, of 
fixing the ammonia for fertiliser ()urpo.ses than can be secured 
by the manufactuHs of sulphate of ammonia, which necessitates 
the employment of sul|>huric acid in largo quantities (see, 
however, p. i5>7). He has devised a modification of the 
classical Solvay ammonia-.soda process for the jiroduction of 
ammonium chloride and bicarbonate of soda, which cpnsists 
in decorapo.sing large quantities of sixlium eliloride.(brine) with 
the aid of ammonia and carbonic acid gas. 'rbi.s re.sult.s in the 
.separation and precipitation on one side of ammonium chloride 
and on the other of sodium bicarbonate, when the alternate 
preci[)itation method du<^ to Sebreib is used, by .means of 
which for i^ach ton of fixed nitrogen in the form of ammonia 
3 tons of bic.arbonate of soda are recovered. The process 
may be briefly summarisi'd as follows: 

A saturated solution of coniinon salt - /.r.. sodium chloride, 
NaC'l, in water which contains about 3(1 parts of salt per 
100 parts of water at the ordinary terniierature, is saturated 
with ammonia g;is. On passing carbon dioxide (carbonic acid 
gas, Cf).^, obtained by burning lime.sv.one in kilns, or recovered 
in the iiydrogen (irocess, p. 103) into the ammoniacal brine 
under pressure decomposition takes place and ammonium 
chloride, Nlldd. and sodium bicarbonate, NallCOs, are 
formed: 

Nat’l fNH, flloO I NalK.'Oa+NlUCl. 

The reaction, which was discovered by two English chemists, 
Dyar and Hemming, in 1838. is reversible, and a state of 
equilibrium is reached when about two-thirds only of the salt 
are decompo.sed. The sodium bicarbonate is sparingly soluble 
in water, and oven loss so in a solution of common salt. It is 
therefore precipitated in the form of a white powder. The 
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operation is carried out in towers or in closed iron tanks 
provided with cooling pipes through which cold water circu¬ 
lates. In the Solvay modilicatioii of this process, which is 
worked by Messrs.* Br^inner, Mond, and Company, the strength 
of the salt solution (natural Chcsliire brine) is rather les.s ihan 
saturated, and under tlu'.se conditions only sodium bicarbonate 
i.s precipitated, the ammonium chloride with one-tliird of the 
original salt remaining in .solution, h’rom this solution, 
obtained by filtration from the carbonated briiu^ the salt jind 
ammonium chloride can b(' sci>aratcd by crysiallisation. and 
it is presumably in this way that the .synthetic itmmonium 
chloride is to,be made by Synthetic ,\mmoni:i ^ind Nitrates, 
Ltd. (p. 178). In the (daude process another modilicatioii of 
the ammonia soda process, due to Schreib, is used. By 
saturating Uie filtrate from the bicarbonate with common salt, 
adding a further (piaiitity of aiiiuioiiia, ami again treating with 
carbon dio.xide, ammoiiiuiii carbonate, (NII,,)d'(L, i.s formed 
and ammonium chloride |irecipitated. 

By further addition of carbon dioxide, ammonium bi¬ 
carbonate i.s formed, which again iiri'cipiiatcs sodium bicar¬ 
bonate, and leaves aiuiiioiiium chloridi' in solution: 

NH 4 lIC();, i NaCI ^=^NallCO;,-l Nil,Cl. 

On the addition of more salt and ammonia, the cycle of 
operations i.s begun again, and the same solution may be u.sed 
indefinitely. It may be noted that, if it is jiropo.sed to use the 
solution in this wa}’, it will be necessary t.o add .vohV/ salt t.o 
bring it up to strength, and the evaporation of the strong 
brine, as obtained in this eoiintry, will add to the expense 
of the process. In the ,Solvay method no evaporation is 
required, the natural brine being used diiyctly. but in this case 
it must be remembered that only one-third of the .salt is use¬ 
fully converted, and the rest i.s lost. 11 is a matter of economics 

which proce.ss will bo cheaper in the long run. 

The ammonium chloride obtained after two cycles in the 
iSchreib-Claude process is said to lie of 97 per cent, purity. 
The impurity is presumably common salt, which will not be 
prejudicial to many uses of the ammonium salt c.;/., its 
application as a fertiliser. 
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It i.s stated that the fertilising value of ammonium chloride 
has been thoroughly investigated by At. Georges Ville, one of 
the holding exjierts in France, and found at least equal, lor 
the same wciight of nitrogen, to that i)f the ,sulj)hate: A 
similar result has fieen found by recent e,\'])eriments in England. 
As the chloride^ is less weighty for the .same weight of lixed 
nitrogen than tlu^ siili)liaf<', the trans|)ort costs will he reduced.. 

In addition to the improvement in tlu^ niannfactnro .of 
synthetic ammonia just desitribed, Al. Claude has described 
a new' process for Hie nianiifaetnre of hydrogen from coke-oven 
gas. The iattei' contains aliont 55 ])er cent, of hydrogen, the 
rest being m.vinly methane, t'llj, a compound of hydrogen 
and carbon. 'I'lu^ metlmd described by t'laude de[iend.s on 
the removal of the methaiu^ by washing the gas with .solvents, 
such as ether, under jiressnre. 'I'he methane may be liberated 
again, and will serve for power purposes, it is claimed that 
this method will, when the plant is rim in connection W'ith 
coking works, lead to a- reduction in the cost of hydrogen to 
at least half that of any previous method. W'itlut’nO coke 
ovens there would be enough hydrogen available in the ga,s 
to permit of the inaninaetnre of .511.(Kill tons of ammonium 
sulphate jier annnm. The whole of the coke would then be 
availabh' for sale, since it is not necessary to use coke in the 
manufactnri' of the hvdrogim, as in the I’.adisehe process. It 
must be stated, however, that Claude's method of mannfae- 
turing hydrogen is still undeveloped, and many diliiculties 
are likely to be (wpi'rienced in its* application on the large 
scale. 

In a more recent patent, Claude describes the manufacture of 
hydrogen from purified or “ strip|)ed ” coke-oven ga.s, con¬ 
taining ethylene, methane, hydrogen, and carbon monoxide. 
The gas is mixed with a little nitrogen, com])ress(»d and 
cooled in an ordinary liquefaction ajiparatii.s (ji. (i). Nitrogen 
liquefies and washes out any carbon inono.xide which has not 
deposited in the [irevions cooling, along with ethylene and 
methane. 'I’he cost is said to be Is. Od, per 1.000 cubic feet. 
The 2 or 3 per cent, of residual earlMin monoxide i.s converted 
into methane by [lassing the mixture of hydrogen and nitrogen 
through a protector containing a little of the catalyst. 
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In order successfully to produce synthetic ummonia on a 
large commercial scale, considerable (piantities of coal are 
required, and it desirable that the manufacturing company 
should own its owuVoalmines and eokeoven ])lauts, an(i that 
the works should be situated adioining the collieries. After 
careful examination :fnd study of eoallields in various parts of 
Engkind. the eonelusion .arrived at is tliat West ('umbej’land 
oti'ers the greatest advantagi's foi- such an updertaking. for 
the following reasons: ' 

(u) .'Xbundant snp|)lies of suitalih' coal in close proximity 
to the .seaboard. 

(b) Larg(' areas of land availuMe f ir works. 

(c) The existeuee of a. h.irboiir adjacent to the eoa.l jirojrerties 
which can berth a.ooo toil boa.ts. and can be readilv made to 
accommodate steamers of a mucli larger capaeity, which is 
extremely valuable for the import of raw materials and the 
export of the. finished pnalucts. 

{(1) An anqile water-supply for cooling and eondi'iisation 
pur])oses--a vital necessity in eheniical [iroduct. works. 

(‘umberlaiid Coal. I’ower. and Chemicals, btil.. own the share 
capital of collieries which have a. eapa,city of about 2,1011 tons of 
coal ))er dav. There are installed on the collieries a total of 
151) Kopper s moilern c.jke ovens, with by jiroduct plants, the 
output of coke being about -SOO tons per day. ’I'he coke, oven 
plant at Allerd.ile has been so laid out .as to |iermit of a further 
lift.y eok(! ovens being installed at a modia’ate expenditure, 
there being sntlicient ]ilaiit. etc., alre.idy installed to deal with 
the by-jiroduets from the extra lilty coke ovens. Four 
hundred and eighty acres of freehold land are being acquired, 
adjoining the coke-oven plant .it the .Allerdale Colliery, which 
site will be utilised for large synthetic .'mimonia works. 

The eoinpany has also acquired control of about 20,1100 acres 
of coal land, commencing at .Marypoid {( umberland). rniiiiiiig 
in a north-easterly direction. 'ITvo bore holes are being put 
down on this .area, one of which has reached a depth of 
1,314 feet, and the other l.ooo feel. Txitli borc-lioles arc now 
in coal measures, and should shortly re.ach tin.' various seams 
of coal that are. being drilled for. 

These details are based on a prospectus is.sued by the new 
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company, which, since it contains several scientific inaccuracies 
(omitted or corrected in the above account), is obviously the 
work of the financial rather than the scientiffc interests. . How 
far the extensive plans will bo matured caiinot bo said, but of the 
great potential value of Claude’s method there cannot be any 
doubt. Some further details of his process have been given 
by M. Claude himself. 

The work of comprcs.sion of a gas. at constant temperature, 
is proportional to the logarithm of the final pressure, starting 
from atmospheric. 'I'hus, if the work of compression from 
1 atmosphere, to 200 atmospheres is that from 1 atmosphere 
to 1,000 atmospheres will ,)nly ;{, or say .I-;), if allowance is 
made for the diminution of compn.'ssihility of a gas at high 
pressures. 

At high pressures the percentage of ammonia in equilibrium 
is, as we have seen, considerably increa.sed. Claude finds that 
the equilibrium yield can be raised from about 1.7 per cent, 
at 200 atmospheres pressure to ovc-r to per cent, at J ,000 atmo¬ 
spheres. A production of .5,000 to 0,700 grammes of ammonia 
per litre of catalyst .sj)iice p('i' hour, as compared with 350 to 400 
grammes in the Hadische [irocess, has been attainerl. Whereas 
it is necessary, on ara^ount of the small conversion, to circulate 
the gases several limes over the catalyst when workiitg at 200 
atmo.sphcres. and to separate the aimuorda formed between 
each separate conversion, it is sufficient to circulate three or 
four times only at 1,000 atmospheres, 'rtie volume of the 
apparatus, for the same production, is only about one-tenth 
that requinxl at 200 atmospheres, on account of the greater 
reaction velocity at the high pressure'. 

'rhe main source of dilliculty in working at “ hyperpressures ” 
is the evolution of Ifeat. This is twenty-five to fifty times 
tliTit at 200 atniosphercs, on account of the very much higher 
production of ammonia. 'ITie difficulty is then, not to con¬ 
serve the heat, as is the case in the Badischc process, but to 
get rid of the surplus heat. This problem, according to Claude 
{Revue scicnlifique, May 2.S, 1021), has been overcome in the 
serai-technical unit operating at La Grande Paroisse, which 
produces 1-25 metric tons of ammonia per day, and has also 
approached solution in the unit for 5 tons per day, which is 
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operated by a compressor bringing 700 cubic metres of mixed 
gas to 1,000 atmospliores per day. 

The percentage of ammonia in the mixture after passing 
the catalyst is a{)pr*ximatiOy proportional to the pressure. 
The partial pressure of the ammonia is therefore roughly 
proportional to the sipiare (.)f the pressure. It i.s 250 atmo¬ 
spheres in a mixture eontaining 25 pi'r cent, of ammonia at 
1,0(H) atmo.spheres, as compared willi at most 12 atmospheres 
in the (5 per e(mt. mixture at 2oo atmospheres obtained in •the 
Badiscdic process. The \apoiir tension of li<(uid ammonia at 
the atmospheric temperature is from 7 to N atino.sj)hercs, 
which is negligible in eomj)arisi,>; wit h 2.5o at ml),spheres, but 
by no means so in eomjiaiTson with 12 atmospheres. It is 
therefore .sullieient to cool the gas obtained in the Claude 
process in it coil immerseil in water to condense out most of 
the ammonia in a li(pnd state, whilst in the Badisehe process 
it is nece.ssary to resort to washing with water under 2(H) 
atmosj)here.s pressure to recover the ammonia. 'I'o expel the 
ammonia‘as gas from the solution in water requires the ex¬ 
penditure of fuel, whereas in Claude's (u'oeess the Ihpiid is 
allow'eil to evaporate s|K)ntaneonsly, j)rodueing cold which can 
be utilised in the a})j)aratus licpiefying tlie air for the pro¬ 
duction of nitrogen, or in tlie lixation of the ammonia. 

M. Claude remarks eharaeteristieally: “ D'ailleurs, tons les 
gouts sont dans la nature, et si la lladische Anilin met son 
point d’honneur dans la eomplexite et dans I'enormite des 
choses qu’ellc a realisces, j airne mieux, et e'est mon ambition, 
mettro le mien, un jour proehain, dans la maniabilith et dans 
la simplicite de mes engins. Ce sera, je crois, plus frangais.” 

Synthetic Ammonia in England. 

It will now be profitable to consider briefly what steps Irafe 
been taken by nations other than Cerrnany to develop the 
manufacture of synthetic ammonia. VVe may commence with 
the situation in England. 

Before and during the early stages of the Great War nothing 
was heard of synthetic ammonia in England, although the 
process and its possibilities were known to all English chemists 
conversant with the recent progress of the science. Dr. Le" 
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Rossignol, who was largely concerned with the experimental 
development of the Haber work, and is named in some of the 
patents, is a British subject. During the war the importance 
of the process became evident, and exncrinient.s were carried 
out for the Munitions 1 nventionsDepartment of the Ministry 
of Munitions, 'I’lie Nitrogen I’roducts Committee, under 
who.sc direction the e,v])eriincuts weri^ made, was set up pn 
the initiative of the l'’ararlay Society, the pt'e.sidcnt of which 
was at that time Sir Uohert Hadlield, I'Mi.S., whose interest 
in seientitie research is well known. The general directiem of 
the research was in Die hands of Dr. .1. A. Ilarker, J'Ml.S., the 
work witli .synthcl.ic ammonia licing entrusted to f>r. H. 
CiTcnwood, formei’ly a resi'arch student with Halier ;it 
Karlsruhe. In the eour.se of this work, which lasted until 
the Armistice'., considerable improveme'iits we're evolvetl in the 
method of production of synthetic ammonia, euiel ei laboratory 
plant wa.s in o|)i'i'ation at Cniversity Colh'ge, Lemelon, with 
success. 'I’he outcome of this wurk was inte'ndeil to linel 
eipplieation on a large scale during the war, since et one time 
there wc're .se'rions doubts as to the po.ssibility of maintaining 
an aelee|uate supply of nitrate's from Chile. The eluty of 
putting into practice' the re'snits achie'vi'd in the laboratory 
was entrusted to the Dxplosivi's Supply De'jiartment, the 
distinguislu'd lu'ad of which was the late Lot'll Moulton. Thu 
plans of the National l‘'aetorv wi'i'i' to be elrawn up by Mr. 
K. B. (Juinan, the tei'hnical eedviser of I,ord Mmdton. Mr. 
Quinan hail, unfortunately, no theoretical or practical know¬ 
ledge of the li.xation of nitroge'ii. and for other reasons nothing 
hiiel been elone at the time of the Armistice be'yond the acquisi¬ 
tion of till' site at Billinghamon 'I'e'i's, admirably exposed to 
Zeppelin attai'k, and the |)nrehase of some plant. 

. On Meiy 2, IDIS, Mr. Kelhrway, in re'ply to a question in the 
House of Commons by Sir W. Beale, staled that the Haber 
process (presumably the' Badische process) was protected by 
British patents which, as in the ca.se of similar patents, were 
vague !is to the fundamental factor.s necessary for the com¬ 
mercial exploitation of the' procc'ss. 'I’lie exact knowledge 
existing in this country wars then, it was stated, entirely in¬ 
sufficient to justify commencing the erection of manufacturing 
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plant without extensive researcli. ^[odificaf ions of the patents 
had been made and protected by Departmental patents in 
the names of the Research Staff, or the Controller of Munitions 
Inventions, and astiigsed to the Secretary of State for War. 
The process and moditications .so ])roteeted hail not been used 
by British manufacture^ for actual production as di.slingui.shcd 
from laboratory investigations, since the research work, which 
had-been conducted nnriuuittingly since July, 1910, had then 
only just reached a stage at wliicli it was considered possible 
to proceed from the laboratory to the mannta'iduring scale. 

This date~-viz., .May. I91S therefore marks the lime when 
operations were, commenci'd in Kngland to ])ut t'ho synthetic 
aimnonia ])rocess on a tci'hnieal scale. 

In v.icw of the importance atlached to the moditications 
made in the'process. and the probable utility to the enemy 
of these modilications, Mr. Kellaway continned. the re.sults 
of the research work had not been made public, since such 
information (;ould only be of value to those desiring to erect 
a large Ilaher plant. This information (uiiild he communicated 
conlidentially if proposals for the erection of a plant were 
put forward, and the linancial arrangements .<i|)p)'oved by 
the Treasury. Mr. Kellaway further announced that the 
Explosives Dejiartnient was tliiui engaged in translating the 
research w'ork into large scale o[)er.ations. ('onferences were 
being held between the .Ministiy of .Munitions, the V\'ar Office, 
the Board of 'J'rade, the .\dmirally, and other l)e])artments, 
with a view to determining how far and in what manner the 
result.s of the general research work of the .Munitions Inventions 
Department could be jffaced at the disposal of manufacturers 
of this country for the benefit, of the nation a.s a w’hole. 

Tho manufacture of nitrates was so .obviously a “ key 
industry,” and so clo.sely isjimeeted with the .safety of the 
nation in w.ar and its prospei ily in peace, that it was expected 
in most quarters that the work of the National h’actory W'ould 
have been carried on after the .Arniistice, as luas been the case 
in America. The resiuirch workers had transferred their rights 
to the Secretary of State for W ar, and it was not contemplated 
that the.S6 rights should be “ communicated confidentially ” 
to private firm.s trading for profit, even if the “ linancial 

12 
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arrangomonts ” were “ approved by the 'J'roasury,” unless some 
drastic revision of the terms of the agreement entered into by 
the inventors, undc'r tlio pressure of war conditions, should be 
made. ^ ’ 

In April. 1919, a somewhat grandiose announcement aj 
peared in the Press to the elTcct that “the fixation of atmo¬ 
spheric nitrogen is about to be undertaken in earnest, under 
such conditions and auspiee.s as will ensure its immediate 
and vigorous proscatution on a seah? commensurate with its 
supreme importance for the safety of tlu! country in war and its 
prnsp('rity in peace.” 'I'hese auspices were as follows: “A 
syndicate comprising .Messrs. Rrunner. .Mond. and Company, 
Ijtd., and t,.\|)losivn‘s d I’ades. Ltd., had purchased the e.xtensive 
site at Billinghain on d <‘es, in tlu‘ county of Durham, avapiired 
by the (,'overiunent during the war for the ])urpo?ie of luiilding 
thei'con a nitrogen llxation faelory. ,\ s|)ecia.| stalT of engineers 
and eheinists luul l)een rnigagt'd for sonu' months in dc'signing 
the details and g(‘nerad arrangements of the proposed jjlant 
and in working out the many iliHieidt |)roblems jnherent in 
the process.” ddie artick' very ])roperly points out that “ the 
overwhelming neei'ssity for establishing nitrogen fixation 
within oni' own bonlers is proved beyond (piestion. Until that 
is done we shall remain in a jiosilion of the greatest inseeurity.” 
It is sad to relh'ct that we arr: still in this ]>osition of greatest 
inseeurity. mon' than three years after the technical experts 
had begun their work "‘in earnest - doubtless this phrase 
was intended to dillerentiate their labours from those of the 
(1 overnmon t invent ors. 

Another year passed, and in I9 l’o it was announced that 
Synt'hetdc j\mmonia and Xitrat('s, Ltd..” h.ad btam formed by 
Messrs. IfrnniK'r, M.md, and ('om])a,ny (Lxplosives Trade.s had 
now apparently witlulra wn). with a capital of .C.a,()09,0(Mi, totako 
over from the (lovernnumt the manufacture of nitrogen products 
from atmospheric nitrogen and to develop this manufacture 
on a commercial scale. I5y agreement with the Government, 
it is stated, the company u ill always be under Rritish control, 
the directors arc to be British born, and the first director.s are 
to be approved by the Government. The works will be 
situated on the site purchased from the Government at 
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Billingham-on-Tecs. and it was proposed to erect at once a 
plant for the production of HM) tons of ammonia j)(>r day (tin's 
is now; apparently reduced to 2(* tons per day), with pro- 
vi.sion for a rapid exfension to 1100 tons ])er day. eqtiivalent 
to 150,000 tons, risin.i; to 450.((00 tons, of ammonium suljdiafe 
per annum (e/. the ligures for the (ierman works, j). 154). 
'Ifie chief product, liowever. will be ammonium chloride, which 
will'bo inamifa.ctur('(l simnitaiicouslv with sodium carbonate, 
and it is hoped that the agricultural eomuniiuty will eventually 
adopt this form of fertiliser, tlii'i'cby enabling it to obtain 
supjdies of fertilisers at a reduced cost. It may be noted at 
this point that ammonium cldo'iilc is a by ]U'oduct of the 
ammonia soda process. Explosives 'I'r.idcs. Ltd., had under¬ 
taken to purchase its r(‘i|uiremeuts in ammoida from the 
company, aild to erect plant to the extent d(“sired by the 
(Tovernment for its conversion iido nitric acid and explosives 
by oxidation. The feiludcal stalf of the Company had made 
a thorough inspection (presumably with Allied sauctiou) of 
the works lit 0|)pau in tJerman v (p. Kin), uhicli bad jiroduced 
at the rate of 250 tons (jf ammonia per day: of the nitrogen 
plant belonging to the Crdtcd States (civcrnmcnii at Shcliield, 
Alabamar, and of the Ccncral ('hcmic.'il ('om])any's plant at 
Laurel Hill, Xi'w York; also cjf llm ( laude exjicrimcntal plant 
at La (Jrandc Laroissc. The experimental plant of iMaxtcd, 
of (las Developments. Ltd.. W .dsall. ,and all relevant informa¬ 
tion and patents, had been pnrdiasi'd. Tiii\ proee.ss selected, 
it is stated, is a modilied I label' process, worked out entirely 
without (Ierman assistaaiee f l)r. (Ireeuwooil, it may be recol¬ 
lected, was a former pupil of Haber in Cermany), y\ll enemy 
patents bearing on the process have been placed by the (.lovern- 
mont at the com})any's disfiosal. and the, royalties on these 
will be, paid t o the ('ustodian of Knem v Property for account 
under the reparation clauses of the Peace Treaty, 

It is of interest in this respect to note the recommendation of 
the Minister of .Munitions as the outcome of a delegation from 
the Nitrogen Produef.s Committee on March 15, 1917, which 
met him to discuss matters arising out of tlnur interim report. 
At that time the only process on which definite information, 
capable of translation into large-.scale working, was available 
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aa a roault of reaoarch work carried out for the Ministry was 
the oxidatio7i of ammonia, d'he Minister, among other matters, 
decided that “ the information resulting from the research 
work wa.a to lx; placed freely at the dispfflsal'of bona-fide manu¬ 
facturers, but was not to become the property of any one firm 
or group of lirms." 

It is perhaps necessiiry to add, by way of conclusion, that 
not one of the actual invcidors, whose patents were taken-out 
difi’ing the war a.nd assigned to the St-cretary of State for War 
tor national use,' has received any rewanl or benefit for his 
work. 

Synthetic Ammonia in France.- 

We may turn now to (he aetivilies of France. During the 
war researches on the synthetic production of ammonia were 
carried out in France with aims similar to those undertaken 
by the iMimitions Inventions Department in this country. 
The two groups of research chemists nen^ in close touch, 'I’ho 
results were, however, in a less advanced stage at the time 
of the Armistice than wa.s the casi? in Ivngiand. 'In 1920 it 
was stated that tlu- lirm of Kiihlmann. in conjunction with 
colliery companies at licns and (he ttank of I’aris. had acquired 
the patent rights for (he Ibibcr ]n'nce.ss. A capital of 
50,000,000 francs is to be invested in tlu^ process. Jn the 
same year a statement by tlui French (iovernment ap|)earod, 
to the etfeet that on Noveud>er 11, 1919. tlu^ Fi'cuch Minister 
of Industrial Iteconstrnction (.M. Loucheur) had signed a con¬ 
vention with th(> Badische Company of Cermany, with the 
object of obtaitiing their assistance in r-egard to the technical 
details necessary for the economical working of the Haber 
patents owned by that comi>any. but acquired by the French 
War Minister under tlu< Peace Treaty, As the period under 
which the (snivfmtion could be denounced had then elap.sed 
(viz., at the time of the a,nnouucement in 1920), the agreement 
came into force on April 1. 1920. and a Bill intended to carry 
it into elTect was placed before Parliament, 'the Bill provides 
that the French Ministers of War and Finance can jointly 
concede the benefits accruing from the convention to a French 
individual or company, or. failing that, to the Compagnie 
Nationale de I'Azoto, in trust on behalf of the State, such 
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company to be assigned a suitable portion of the National 
Powder Factory at Toulouse. A credit of in,()()(• francs will 
be opened in order to provide for tlie initial cost of applying 
the convention. * * 

We have descril)ed the entirely novel and independent 
modification of th(> Halier process due to the. French inventor, 
M. Georges Claude. This is jirolialily the nio.st important 
discovery made on (he .Allied side. It may also he mentioned 
at this point that Crofess<ir .\latignon. in lOl.s, stated as Ids 
opinion that (he patents of Halier were invalid, on account of 
previous jiuhlications. These i‘om|irise patents by'd'ellier of 
liSti.l and l8.Sh, of 'I'e.ssie dii .Mo'ay in ISTI. of Ramsay and 
Young in hS.Sl, of La Christiania .Minehompani in IMIMi, ami 
of Lo (,’hatelier in lltOI. The |)uhlishecl work of 1‘erman also 
inelude.s statfmients as to the reversibility of the reaction and 
to the catalytic elfect of metals. 

The Haber and Claude jiroeesses have been investigated by 
a commission. The results are not to be published, but it ts 
understood that a fha ision in favour of (he Claude process has 
been reached (October, 1II2I), since (he Comjiagnie Nationale 
de I’Azote, which owns the l''reneh rights of (he Haber patents, 
will be litpiidated shortly. If (his is so. the, manufacture of 
synthetic ammonia in Fi'anee will be eonlined to the ISociete 
do la Grande Paroisse. which uses the Claude jii'ocess. 

Synthetic Ammonia in America. 

In America the Haber proee.ss was modified by .some experi¬ 
ments carried out by the General Fleetrie. Company of New 
York. In their process very large catalyst chamber.s of 
chrome steel or other suitable alloy are used, ami the catalyst 
is composed of cobalt (ofi parts) and sodium (tiO parts), treated 
with ammonia gas at .'itto '. The operation i.s carried out 
at 520° to 510°, under the relatively hnv jiressure of 80 to 90 
atmospheres. In February, 1920, it was announced that the 
General Chemical (ilompany of New York and the Solvay 
Process Company of .Syracuse, N.Y., had jointly undertaken 
the organisation of a new company, called the Atmo.spheric 
Nitrogen Corporation, to develop nitrogen-fixation proce.sse8. 
The capital is 5,000,000 dollars, and a plant is to be erected 
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at Syracuse at an estimated cost of 1,000,000 dollars. It may 
be mentioned that the Solvay (Jompany has intimate relations 
with Messrs. Brunner, Mond, and (,'ozupany. 

In Italy it is announced (May, 1020) 'that an Anierican 
subject has olztaincd concessions from the Government to 
utilise 800 h.p. from tlie waterfalls of Terni, seventy miles from 
Rome, and has taken over a munitions plant for the synthetic 
production of ammonia. Electrolytic hyilrogen is used, with 
a pressure of 2,50 atmos])heres, and one unit of twelve is said 
to be in operation. 

Nitfogen Fixation m the British Empire. 

'I'he following brief auconiit of pi-ojected nitrogen-li.xation 
ju'occs.ses within the British Kmpire was made available 
through the courtesy of Dr. ,1. A. Darker, .F.'rt.S., of the 
Munition.s Inventions Department (1020): 

Among the terms of reference of the Niti'ogen ih’oducts 
Committee was the following: 

“ 'I’o considei' tlu^ relative advantages for this country 
and for the Empiri' of the various methods for fixation of 
atmospheric nitrogen from the point of view both of war 
and peace purposes; to ascertain their relative costs, and 
to advise on propo.sals relevant thereto which may be 
submitteil to the Department.” 

Since the Armistice a nundzer of the schemes, of which the 
Nitrogen Products Comnnttee previously had details, but 
which had been suspended because of the war, have again been 
taken up, and, in addition, a certain number of new ones have 
been initiated, 'i’he schemes on fo(5t within the British Empire 
of which we now have some information are about twenty in 
number, although it is by no means certain how many of .these 
are likely to proceed. Tluy are located in (.'anada. Labrador, 
British Columbia, Newfoundland, ^Vustralia, New Zealand, 
'i'asmania, Upjzer and Lower Egypt, Natal, the Transvaal, 
West Indies, India, and Ceylon. In addition, there is a proba¬ 
bility of British capital and plant being employed in three or 
four others on foreign territory. A number of the schemes are 
of a purely local character, and are designed mainly for the 
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supply of fertiliser or other chemical product to inaccessible 
areas, where importation is cither uneconomic or impossible 
by reason of lack of transport facility. In most cases the 
schemes would moot pew demands ratlier than compete with 
existing source.s of supply. As part of many of the sclieincs it 
is proposed to develop hydro eli'ctric power, the w'hole or a 
pprtion of whieli is to lie used in (he manner suggested. 'J’ho 
products it is propo.sed to make include ammonium sulpliate, 
both synthetic and Ity product, eyanamidt*, nilrate of liijie. 
nitrate of soda, and sodium cyanide. 

It may be of interest to gi\’e as e.xamples fnrtliei; details as 
to one or two of these. One, wliic'h at the |)res.''id, moment is 
being actively proceedeci with., is (he project lelating (o the 
manufacture of fertiliser in higypt, employing water power to 
bo developeiiat the gre,at Dam of ,\ssonan. lirm of llritish 
engineers were askerl, in I'.tl'.l, bv an inlliienli.il .\nglo--Kgy))(iaii 
group of capitalists, to elcliorate a project wherel)y (he hydro¬ 
electric j)ower obtainable fi'om the Dam should be developed 
and applie^l to the loe.il re(piirements. I'nder this .scheme it 
is proposed to develoj) tlu' whole of (he power available. The 
bulk of this is of a season.il character, owing to the peculiar 
conditions prevailing in the Nile valley, and throughout the. 
year it is impossible to rely on more, than It),(inn continuous 
kilowatts. This continuous power will be used for irrigation 
purposes to bring under cultivation a wide area of land at 
present usele.ss. During the Hood jieriod the ((uantity of 
power available is inerea..se.l to about (io.nnn kilowatts, and it 
is proposed to devote the additional power, for a period of 
about seven months annually, to the manufacture of about 
25,000 tons of nitrate of lime, by an entirely new form of (ho 
arc process. 

A second project now rapidly develojiing relates to the west 
coast of Newfoundland, where a hydro-electric installation for 
over 100,000 h.p. is projected for nitrate of lime and paper- 
pulp manufacture, with iiossibly some cyanamidc. 'I’his 
power development is one of the very few po.ssessing the 
necessary local advantages, and at the same time large and 
cheap enough to justify the employment of the arc process. 

In Natal coal is available at the present day in large rjuantity 
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at 2s. 6d. to .Is. a ton, and a carbonisation scheme, directed 
mainly to ammonia recovery, is now under active discussion. 

The manufacture of cyanide in the South African goldfields 
is also contemplated. , 


Cost of Synthetic Ammonia. 

The economic.s of .synthetic ammonia have been carefully 
studied by the Nitrogen Products Committee. Assuming that 
pure hydrogen can be made at a cost of 2.s. (id. per 1,000 cubic 
feet, which was considered ultimately possible, the calculations 
of the Coh;piittee lead to a figure of £17 per metric ton of 
synthetic ammonia made by lids jjroccs.s, or £20-04 per metric ton 
of fixed nitrogen, 'i bis e.stimate i.s based on tlic following items: 


(a) Hydi'ogoii: 77,IK)0 cubic feet at (iil. per 

1,000 (Uibic fort, inclusive of coiiipres.sjoii 
and of all working eo-l.s and depreciation 
of hydrogf'ii S(‘ctioii 

(b) Nitrogen: 20,000 ciibk; feet at Od. per 1,000 

ciibio feet, iiiclu.sive of ail working co.sts 
and doprcci.ttion of nitrogen section 
(fO Wages (other than for gits plants) .. 

(^) Power for cojnpre.ssing nitnigen and for 
heating, eataly.sts, 1,500 kiloujitl-hoiirs, 
at 0'2r>d. per kilowatt-hour 
(e) Repairs at 10 [lereent. on catalyst section .. 
(/) Superintendeneo .. .. .. ' .. 

(g) General expenses 
(A) Fixed charges .. 

(i) Depreciation at 10 per cent, on ciitalyst 

section ., . 

ij) Depreciation and ropiur-s at 10 per cent, on 
remaining plant, buddings, etc. 

Total .. 


i Aminot/ia 
per Metric 
Toil 

Percentage 
i>f Total 
Cost. 

b. 

' 

0-G25 

ai-o 

0-1m0 

1-2 

o- 2 ;u 

]-.') 

i ■.'■02 ' 

10-1 

l-OOh 

(i-4 

0-000 

0-4 

()-300 

2-0 

0-300 

2-0 

1-000 

6-4 

0-840 

5-4 

15-571 

100-6 


The addition of '> per cent, interest on a capital cost of £40 
per metric ton of ammonia per annum brings this up to £17-67 
per metric ton of ammonia. The t'ommittee believe, however, 
that the actual cost, exclusive of this interest, would work out 
at about £l 7 per ton of ammonia. 
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Tho above figures show that over 60 per cent, of the cost of 
fixation of nitrogen by this process is represented by the 
hydrogen. Although tho j)ower required is by no means 
negligible, represeiftiiig as it does some 10 per cent, of the total 
cost at the low figure of o-i’ud. per unit, it is small in com¬ 
parison with that used^in other fixation processes, such as arc 
and cyanamide. which include electric furnaec! operations. 
This low power eonsumjjtion in the .synthetic process is, how¬ 
ever, largely illusory. In the m.umfa.ef ure of’hydrogen Ijy 
cloclroly.sis, large' amounts of energy are absorl)e(l, and in tho 
production of hydrogen by reduction jirocesses. or ^'om water 
gas (p. lilt), oonsiderable amounts of coal arb’nsed. This 
coal is potential energy, wiiieh c(iuht Ik! utili.scd in other fixa¬ 
tion ptoccs.ses, and the hydrogen ifem in the synthetic am¬ 
monia balanfte-.sheet really corrrs[)onds with the energy ifem 
in tho arc proces.s. On the otinr hand, in the cyanamido 
process (see unlc), not oniy is a good deal of electrical energy 
used, but also considerable amounts of carbon (potential 
energy) in*he form of electrodes, a,nd in chemical combination 
in the cyanamide. Ail this carbon is ultimately wasted. 

The production of large (juantities of hydrogen containitig 
a maximum of 0-U5 per cent, of carbon mojioxide and less than 
I part per luillion (d sul])hur eonquumds, smdi as is required 
in the sj'nthetic method, is a jiroccss not hitherto carried out 
oil a commercial scale in tlie I’nifed Kingdom. 'I’lie water ga.s 
catalytic process (Badische [)roce.ss) is reganled as the most 
promisuig source of this hydrogen, although this ])rooo.s.s has 
not been successfully operateil on a large scale outside (fermany. 
Large-scale trials in America broke ilown in some essential 
details. 

Some figures for the German works have been published by 
Lieutenant McConnel, and he has made the following calcult^- 
tions on the cost of production of synthetic fixed nitrogen at 
that factory (r/. p. LW). 

The estimated costs of production at Opjiau, which he states 
were given him by the general manager, are as given on p. 186. 

The plant' is operated continuously. Probably under 
normal conditions it is shut down Ib per cent, of the time 
for repairs. The total cost per day is then §58,337. 'J'he 
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assumed output is 553,000 pounds of fixed nitrogen per day. 
The cost of fixed nitrogen is, therefore, S58,337-«-553,000 = 
10-55 cents per pound, equivalent to 1-74 cents per pound of 
sodium nitrate. If the ammonia produced were oxidised, the 
existing plant for tliis would have to be increased threefold, 
and the co.st of fixed nitrogen as nitric acid would be 12 cents 
per pound of nitrogen, equivalent to 2-68 cents per pound of 
nitric acid, or about 3 cents per pound of concentrated nitric 
acid. The pre-war price of nitric acid from (diile nitre was 
5 to (i cents ])er ^ound, and is now materially increased. 
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“ Metallurgical and Chemical Engineering,” 1920, p. 841, 
gives the ligures for the No. 1 Nitrate Plant at iShefiield, 
Alabama, which used a modilied Haber process. This was not 
a success. It is ant.icipatcd that developments will take until 
1*924, and possibly 25,000 tons of nitrogen may be fixed per 
annum in 1930. An additional cost of .820,000,000 will be 
recjuirod. Tlu^ items in the cost of the plant as it stands arc; 


$ 

Ammonia plant. .. .. 5,592,000 

Nitric acid oxidation plant .. .. .. 2,184,000 

jVminouimu nitrate plant.. .. .. .. 380,000 

Power plant .. .. .. .. .. 1,652,000 

Land and builduigs .. . 1,400,000 

Village for workpeople .. .. .. .. 1,852,000 
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Tho above figures show that over 60 per cent, of the cost of 
fixation of nitrogen by this process is represented by the 
hydrogen. Although tho j)ower required is by no means 
negligible, represeiftiiig as it does some 10 per cent, of the total 
cost at the low figure of o-i’ud. per unit, it is small in com¬ 
parison with that used^in other fixation processes, such as arc 
and cyanamide. which include electric furnaec! operations. 
This low power eonsumjjtion in the .synthetic process is, how¬ 
ever, largely illusory. In the m.umfa.ef ure of’hydrogen Ijy 
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coal is potential energy, wiiieh c(iuht Ik! utili.scd in other fixa¬ 
tion ptoccs.ses, and the hydrogen ifem in the synthetic am¬ 
monia balanfte-.sheet really corrrs[)onds with the energy ifem 
in tho arc proces.s. On the otinr hand, in the cyanamido 
process (see unlc), not oniy is a good deal of electrical energy 
used, but also considerable amounts of carbon (potential 
energy) in*he form of electrodes, a,nd in chemical combination 
in the cyanamide. Ail this carbon is ultimately wasted. 
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Large-scale trials in America broke ilown in some essential 
details. 

Some figures for the German works have been published by 
Lieutenant McConnel, and he has made the following calcult^- 
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si’.criON 1] ' 

'I'llE CYA.\A:illl)E I'ROCESR 

\\ I! shall now give an account of (he seconil important method 
of nitrogcti lixatioii viz., tlu^ cyaiiainide jiroccss. This is 
much kiujwii in its working details than the Haber 

process, and is extensively used in iVlIied and’other countries 
as well as Oermany. 

'Phis [irocess for the lixadon of atiiiospherie nilrogerl, which 
rivals the Haber j)roeess and has already found extensive and 
successful application, was discovered by the (lerinan chemist 
E. Uothe. in it the raw materials are lime, coke, and nitrogen. 
By heating a mixtm'e of lime and coke in the electric furnace 
to .'ktKMP^ eahaum carbide. ('a.tb, is formed; 1'aO-i-ift.' 
(.'a(b-j-('(3. This material is well known as a source of acety¬ 
lene gas. If tlu' carbide is cooled, erushed, and heated to 
about l.lbtEC. in a streaju of pure nilrogen, absorption of the 
gas occurs, with tlu^ formation i>f a mixture of gi'aphite (carbon) 
and ailciuiii ciiniidtiiiilc. ('aCAA. It is not possible to carry 
out this reaction directly by passing nitrogen over the 
fused carbide in the elcctiie furnace, since the reaction, 
CaCj-l-Aj •v=— t'a.('A'.j > is reversible, and takes jilacc in 
tho opposite direction at very high temperaturc.s. 

The crude mixture of calcium eyanamido and graphite is 
ground to a powder, and the ]H'oduct, which is dark grey in 
colour, is known as “ nitrolim." When treated with a little 
Cold water, unchanged carbide is decomposed, with evolution 
of aeotylene. and the dry powder may (hen bo used as a 
fertiliser. When a mixture of eyanamido and water, after 
tho addition of a little soda, is heated l)y .steam underpressure 
in closed steel boilers (‘ autoclaves’’), ammonia is formed: 
CaCNj+^HjO-'-CaCO., 4 The mi.xturc is agitated by 

stirrers, and the ammonia gas allowed to pass out, mixed with 
a good deal of .steam, to a rectification column or still (p. 116), 
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from which a solution of ainnionia in water, or ammonia gas, 
according to the condition,s, is obtained. Tl>e ammonia may 
also be received in .siilplniric acid, wben ammonium sulphate 
is fornled (r/. Partifigtwi, “ Alkali Industry,” p. 203). 

This is, brielly, tlie priiiei|)le of the eyanamide process. I'he 
method is in use on a.n increasing scale in Frane(>, Cermanj', 
America, Italy. Norway, Sweden, and .Tapan, It is therefore 
an oetablished process, .and the working details are thoroughly 
well known. .Many improvements have recently hehn 
introduced. 

Calcium Carbide. / 

The most iilijiortaiit intermediate material in the manu¬ 
facture of eyanamide is ealeiiim earliide, ami a few words may 
he sai<l'on the m.anuf.aet m’e of this suhst.anee. Sine(‘ calcium 
carbide may *lieeome t he start ing-poirjt in the manufacture of 
synthetic alcohol and acetii; acid, both products of very great 
importance in many industries (particularly in tiuit of cellulose 
products for various uses), it is eviih'ut that the manufacture 
of c.aleium* earhiih' is a |)roeess which has interests beyond 
tho.se which it is proposed to describe, in the present volume. 

The modern ])roeess for the mamif.aeture of e.aleinm earbiile 
dates from .some purely seieiit ilie researedu's of t he .yreat French 
chemist Ilenri .Moissan. the discoverer of tiuorine and of 
artificial diamonds. .Moissan was engaged in investigations at 
very high temperatures, whi(di ultimately led to his artificial 
production of diamonds from ehareo.d. In the courses of this 
work he mad(^ use of the extremely high tempi'rature of the 
electric are, discr)vered ea.rly in the last eentury by Sir 
Iluraphry Davy. \\ hen two rods of e.'irbon, eonn('ete<l with 
the pole.s of a p<iwerfid b.'ittery oi’ dynamo, a.r(t brought, in 
contact and then .sc’jjara.ted by a short «listanee, an arc of 
flame appears between the jioints of the njils, which is the 
source of light in the familiar ” arc lamp.” 'this arc has an 
.extremely high teni])erature, at least 3,0IH»° and this was 
• utilised by Moissan in his ele< t rie furjiaee. 'I’he arc is produced 
inside a chamber of lime, a very refraetfjry material. 

Moissan found (1.'<92) that, in the deed rie furmiee. a mixture of 
lime and carbon is converted into calcium carbide: CaD I 
CaCj-f-CO. This discovery was made almost simultaneou.sly 
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(1893) by W'illaon in America, and before long the manufacture 
of carbide was carried out on the large scale by the use of electric 
power from Niagara Falls, (,'arbido works in other countries 
sprang up where there was clicap porter,'as in Norway and 
Sweden. At first it was believed that aeetylene gas, CjHj, 
which is formed by the action of wa,ter on calcium carbide, 
(laf'j-l-i-’lfjO- ('a(()lf )2 I ('..Ifj, had a great feature as an 
illurninant. Experieuc(! showed that this hope was doomed 
to failure; the dangerous properties of the gas. among other 
reasons, made its u.se in any but the most restricted fields, 
such as ti><|! lamp.s of luotois and bicycles, and in country 
houses, out of the (picslii.m. 'I'he invention of the oxy- 
ac(d/ylene blowpipe, in which acefyicne is burnt with oxygen 
gas to produce a Iciupcrature but little below that of the 
electric arc, has again lc<l to an increased use'of .acetylene. 
It has been found that the gas, which is self-ex|)losive under 
pressure, .so that it cannot be compressed into steel cylinders 
as in the c.aso of oxygen ami hydrogen, may be absorbed in 
acetone, a liepiid solvent, soaked in a jiorous uKtlerial such 
as “kapok,’' tiu; seed hairs of a plant growing in India and 
Java. Hy means of the oxyouad.ylene blow])i])e, in which 
oxygen is blown into an acetylene llamc, thick steel plates 
may l)e rapidly and cleanly cut and rails welded, and since 
the llame is produceil also under water the blowj)ipe m.av be 
operated by divers in .salvage work under the surfa,cc of the sea. 

After the iirst slum]) in carbide, a new use for the material 
was discovered by the (lermaii chemist F. Hothe, whose work 
is usually credited to the technical chemists Frank and tlaro. 
He found that when commercial carbide is healed in a current 
of nitrogen, the gas is absorbed, with the [u'oduetion of calcium 
eyanamide. CaCN.,, jvhich serves as a fertiliser and as a source 
of ammonia. I’ure carbide, as iMoissan found, does not'take 
up nitrogen. 

'I’he maniif.icture of earliide is a relatively simple operation. 
It presupposes a cheap and abundant source of ])ower, so that . 
water power is almost exclusively used. There is an experi¬ 
mental factory in Manchester and two sm.all bictories in 
Ireland, but these su])i)ly only about one-hundredth of the 
present relatively small consumption of carbide in tliis country. 
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There is nnicli ))romise of utilising the water power of Seotland 
for the maniifiWituro of carbide, hut so far iiotliiug lias been 
done in tlii.s connection. 

The"electric furn'acA for the luanufacturc of carbide are of 
two kinds. One type consists of a tank of resisting fireclay, 
lined inside with carbj.n. into whiidi blocks of carbon, or 
electrodes, di]». The tank is tilled with a cruslii'd luixturo of 
quicklime and carbon of relatively great jmritw. prcferablj' 
anthracite coal. A scries of electrics arcs are struck between 
the vertical carbon electrodes and the carbon ^lining of the sole 
of the furnace, and at the bigli lern]H'ra(i''’ej« developed 
(:5,(tlK(° ('.) carbide is formed in ,;b(' molten eon’dition and is 
tapped otl' periodically. The electrodes are fairly (piickly 
consumed, and must be renewed as re(|uired. 

In the sei^md ty|ie of fnrnaci' the body of the furnace 
revolvi's, and the elnirge of lime and coke or anthracite is 
brought slowly in contact with a row of li.ved electric ares. 
The. molten earbiile formed solidifies as the furnace continucB 
to revolve,* and the inatirial is taken a,wa.y from the arcs. 
The continuous block of carbide formeil on the |)eripherv of 
the furnace is then removed. 

The carbide formed has to be ernshed. and this operation i.s 
somewhat dangerous, as a.eetylene is given oil in a moist 
atmosphere, and may lead to explosions. The crushing is 
carried out in an inert atmosphere, such as nitrogen, and every 
precaution is taken to iirevent aei-ess of moisture. The 
granular crushed eai'bide is then rea<ly for use. It is trans¬ 
ported in airtight packages. 

The question of the economical manufa.ctur(r of calcium 
carbide ha.s been discussed by .Mr. dnu'les liingham (.f. S. ('. /., 
1918, R8.5). 'I'lie most serious item of ((ijt is electric [lower. 
The cost of fuel alone for ehetrie power now exia'cds O- td. pe» 
unit (kilowatt-hour), as compared with the total cost of 
power of about P-^.'id. per unit under [ire-war conditions. 'I’o 
produce 1 ton of carbide requires t,i;r»o units of electric energy, 
including the [lower rc([uired for accessory [ilant such as 
crushers. 'The cost of [lower [ler ton of carbide in this country 
would therefore be at least £0 I.'ts. 4d., as compared with i!2s. 
to 25s. in Norway, where water power is available, it is 
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obvious that British carbide cannot, under such conditions, 
hope to compote with the Norwegian product. Competition 
would only be possible as a result of—(1) a high import duty 
on carbide; (2) cheaper coal; (3) the utilisation of ne\V cheap 
sources of power. 

The hope for cheaper coal may be estimated at its true 
value from the following statistics relating to the items in the 
cost of coal; 

t ' 

’ I Average Costs per Ton of Coal in — 


Kn.-i. ; ]!)19. 
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These prices arc at the pits. The cost of carriage must be 
added, and it is worthy of note that the freight on anthracite 
to Norway is lower than the railway charges from Swansea to 
a carbide factory in England. 

In connection with the possibility of cheaper power, Mr. 
Bingham is inclined to the view that the utilisation of waste 
gas from coke ovens and blast furnaces is the only solution. 
But even with gas free of charge, lie points out that the working 
costs of gas engines amount to OTld. per unit under the most 
favourable circumstances, which amounts to £l 19s. per ton 
of carbide. Modern gas engines consume 27 cubic feet of 
coke-oven gas per kilowatt-hour, so that at 2d. per 1,000 cubic 
feet the gas alone would cost 19s. 2d. per ton of carbide. In 
any case, therefore, the plant cannot afford to pay for gas.. 
Many largo electrical generating plants are, however, owned 
by colliery and blast-furnace undertakings, and the load factor 
(the ratio of the average consumption to the maximum power 
generated) seldom exceeds 50 per cent., and in many cases is 
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burnt in blast burners. This phase of the utilisation of fue 
has attracted a good deal of attention in America. Powderei 
coal may, however, bo burnt directly, in,a blast of air, am 
the use of the fuel in this way has long been carried out success 
fully in America in the firing of cement kilns. The cost o 
grinding and of the dotation must, however, be taken inti 
account. 

■ The great increase in the price of coal, an increase whic] 
shows no sign hatever of abatement, will lead to a thorougl 
investigation of the possibilities of utilising waste fuel, whicl 
under the prodigal pre-war conditions had no value. It is to b' 
regretted that stops were not taken earlier to carry out somi 
of these investigations. Countries more fortunately situatec 
are turning to water power. In iSpain, not famous for blatan 
progress, there was, in 1917, .'500,90(1 h.p. developed hydrauli 
cally, and now schemes for 1,'),000 and 12,000 h.p. are to b( 
developed at Asturias and in Valencia. Further dovclopraenti 
arc expected, and in time it is hoped that the country wil 
bo independent of imported coal. 'I’lie water power of th( 
Pyrenees is rapidly being developed. About 150,000 kilowatts 
or about ton times the amount in 1914, is now being utilisec 
by France. (Carbide is made to the extent of 4,000 tons pei 
anmim at Auzat, Castelot on the Ariege, and Bassens on th( 
Garonne. It is now to bo made in the State factory on tin 
plateau of Lannemezan (50,000 h.p.), and at another a' 
Marignac (40,000 h.p.). Nitric a,:id is made by the Birkeland 
Eyde process at Soulom by the Norw'cgian Nitrogen Company 
When the authors visited this district in 1919 great activity 
was apparent. 

In Switzerland a now hydro-electric station was completec 
near Alten-Gocsgcn in 1917 for 50,000 h.p. A works ai 
Eglisau is on the point of completion, for .30,000 h.p. Om 
at Miihlberg was to be ready in the autumn of 1920, and is t( 
have a capacity of .32,000 h.p., and new works at Riton 
Barberine, and Am Steg are under construction. Extension! 
of the existing works at Oberhalso, Rossens, La Plaine, anc 
near Wildegg are contemplated. The power exported tc 
Germany, France, and Italy in 1918 was 132,000 h.p., the tota 
output being 1-2 to 1'3 milliard kilowatts. It is believed thal 
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the hydro-electric developments will make the industry a 
seasonal one, the plants being worked for a few months in 
j|p»iwg<and summer. Jhe cost of power will increase, so that 
the old price of 0-75 to I centime per kilowatt-hour will not bo 
possible, but the war price of 0 centimes will be lowered, 
s Even at home the qubstion of water power ha.s taken a new 
interest. 'J'ho chief source of water power in Croat Britain is 
tliat employed by the British Aluminium Coiupaity at Kinloeh- 
loven and Foyers, where power is said to b'e obtained con¬ 
tinuously at 34s. per h.p.-year. The moat hopeful locality for 
large developments of water power (not tidal power) seems to 
be the Scottish Highlands. 

An estimate of the world’s sources of water power has recently 
been made a.s follows by Dr. n’oniolo, of Milan: 

Potential and Developed IIydko-Electeio Power in H.P. 



Poleniial. 

Developed. 

United States 

20,000,000 

6,000,000 

Canada . 

0,000,000 

1,766,701 

Franco 

0,000,000 

600,000 

Norway .. 

! 5,000,000 

850,000 

Spain. 

6,000,000 

300,000 

Italy 

5,000,000 

760,000 

SwMen. 

5,000,000 

600,000 

Switzerland 

1,500,000 

400,000 

(lormnny . 

1,000,000 

600,000 

Groat Britain. 

700,000 

60,000 


This table is incomplete, since it leaves out of account very 
important potential sources of hydro-electric power in Iceland, 
Egypt, Africa, and other places, all of which may bo of 
importance in the future. In spite of this, the figures show 
clearly what is possible and what has bee'l accomplished. In 
the two countries Germany and Great Britain, both possessing 
important coal-supplies, the former has harnessed 60 per cent, 
of its potential water power, the latter less than 10 per cent. 

The Manufacture of Cyanamide. 

The manufacture of calcium cyanamide depends on bringing 
together calcium carbide and nitrogen gas at a fairly high 
temperature. The typos of apparatus so far used for this 
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purpose may be elassified into three groups; (]) The Odda 
Method: this is used in Norway and in the United States; 
(2) the Oven Method, used in Germany; (2) the (lotitinnoiis 
IVjcess, used in Sweden. 

In tlic Odda proeess tlu; enislierl eavbide is packed into' 
steel baskels, down tlie centre of eacJi of wliicli runs a rod 
of carbon. 'I’lie cliargo.s ar(^ lowered into fin-naces. 'I'he rod 
may bo lieatcd electrically by passing a current tbrough it, 
and nitrogen gas is then passed through the clo.sed furnace. 
When the reaction starts sulHcient heat is given out to enabli! 
the change .to be selbsu])j)orting, and the current is switched 
off. After some! hours the'absorption of nitr'ogen ceases, and 
the block of sintered material is tipped out and cru.shed. 

In the Oven proeess sheet-iron containers of carbide arc 
run on truoks into airtight iron ovens heated outside, by gas, 
through which nitrogen is passed. 'J’hc trucks of finished 
product are run out at one end and fresh trucks of carbide 
run in at the other end, so that the process is in a way 
continuous. ' 

In the Gontinuous process a mixture, of carbide, quicklime, 
and a flux, such as calcium fluoride, is raked mechanically 
over sholve.s in a vortical furnace, in which it is subjected to 
heating by a row of (iletitric arcs. The material does not fuse 
in passing through the ares, so that a porous non-sintcred 
product is obtained. In the older continuous methods a hard 
fused slag was obtained. , 

In all ca.ses the product is cooled, ground in an atmosphere 
of nitrogen to avoid explosions, and is then known as 
“ nitrolim.” It contains about 20 per cent, of fixed nitrogen 
as a maximum. In the new process, where lime is added to 
reduce the fu.sibilf'y, the percentage of nitrogen is somewhat 
reduced. 

The ground raw producit is very dusty and corrosive, on • 
account of the content of free: lime and unchanged carbide.. 
It is usually treated in some way to render it less dusty. Many 
processes have been proi)osed to attain this end. 

Usually the free carbide is decomposed by mixing with a 
little water in a mixer, when a dry 2 )owder results, and this 
is then treated with oil to render it less dusty. The free lime 
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is also hydrated in the process. Three to four per cent, of 
heavy tar oil is used, and the dusty character of the material 
is much reduced. The addition of bog-iron ore, molasses, 
»^aitTffflirfum salts, and inmimcrablo materials, has been pro¬ 
posed, and the operation of rendering cyanamido non-dusty 
offers a splendid field to the typo of inventor who has more 
confidence than knowledge. 

The cyanamide is sent out in wooden kegs. It should be 
protected from atmospheric moisture, as it is ra' idly impaired 
by water. The fixed nitrogen i.s tlien converted into forms 
of little utility, and the fertilising value of the material is 
much reduced. 

The manufaoture of cyanamide in (Icrmany is in the hands 
of a group of firms. A total of (ion,()UO tons is manufactured 
annually. The firms making cyanamido are the following 
(Note .—“ Stickstoll ’’—Nitrogen): 

1. The Mittcldcutscho Stiekstolfworke A.G., Piesteritz 

(175,000 tons). 

2. The Oborschlesisohcr Ktickstollwcrkc A.G., Ghorzow 

(150,000 tons). 

■1. The Aktiengesollsehaft fiir Htickstoffdiinger, Knapsack 

and Gross-Kayna (I lo,ooo toius). 

4. The Bayorische Stiekstoll'werke A.G,, Trostberg and 

Margaretenbcrg (75,000 tons). 

5. The Lonzawerke, Waldshut (60,000 tons). 


Owing to lack of coal, attention has been directed in Ger¬ 
many to the development of water power, and it may con¬ 
fidently bo expected that whatever can bo done in this direction 
will be ell'cctod at no distant date. 

In Japan, cyanamido is made in two large works, belonging 
to the Nippon Nitrogen (auujiauy and die KlcctrochemicaJ 
Industry Company respec tively. The'^production of am¬ 
monium sulphate in 1917 was 57,000 tons, and over 90,000 tons 
were expected in 1918. Nitric acid is to be manufactured by 
the are process, and the Japanese Government has established 
a Central Research iStation for Nitrogen Industries. 

The Nippon Senryo ISiczc Kabushiki Kaishi, headed by 
Messrs. Takinicnc, have acquired the rights and information 
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of tho Badische Company, as well as of the Claude process, 
and Dr. Tamaru spent three months at Merseburg studying 
all details of tho latest Haber process. 

During tho war period nine now cyanamido works-W&fs_ 
eroOted in Franco, three by tho Government, two others with 
Government control, and all with substantial government 
assistance. Franco has also two arc process plants (p. 207). - 


W''nLu’a I’aoDuoTioN of Calcium Cvanamihe. 


Year. 

Quanlitiea in 

Metric Tons. 

Cakium Cyammide. 

Combined Nitrogen on 
the Basis of ] 8 j>er 
Cent. Nitrogen 
' Content 

190U . 

500 

90 

1907 . 

1,700 

300 

1908 . 

2,510 

452 

1909 . 

11,.550 

. 2,079 

1910 . 

20,495 

3,089 

1911 . 

.54,500 

9,811 

1912 . 

120.538 

22,777 

1913 . 

181,414 

32,000 

1914 . 

222,397 

40,031 

1915 . 

345,133 

02,124 

1910 . 

485,390 

87,321 

1917 . 

008,202 

120,270 

1918 . 

008,802 

120,384 

The parent American cyanamido works was established on 


Canadian soil at Niagara. It is owned by the American 
Cyanamid Company and produces ()4,0()0 tons per annum. 
Tho more recent developments in connection with American 
Government factoriVs will be considered later. 

I’lie first cyanamido works to be establislual were in Norway, 
and the cyanamido industry in Norway, and to a less extent 
that in Sweden, calls for detailed description. Tho production' 
of nitrates by tho arc process is also of great importance in 
Norway, and a table may first be given showing the total 
output of combined nitrogen from that country. The figures 
represent metric tons. 
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Exports or Nitrogen prom Norway, 1917-1919. 


j 1917. 

1918. 

1919. 

Nitric acid .. .. !. 

1,921 

8,337 

_ 

Ammonium sulphate 

50 

— 


Ammonium nitrate 

0:!,.5S0 

49,588 

5,103 

Sodium nitrate 

27,711 

2(i,;!fi() 


Sodium nitrite 


2,098 


Calcium nitrate .. 

:i,5.9:i2 

.53,025 

bli.sso 

Cyanamide.. 

2,:ii:» 

II 


Calcium carbide .. 

4ti,0(i7 

41.772 .T 25,.599 


The Government subsidies to the hiorwcgian nitrogen 
industry amounted to £765,000 for tho period 1918-19. 'I’he 
oifect of the Armistiee on tlio various produets is seen from 
tho tabic. 'J'ho consumption of homo-produced nitrates in 
Norway is given in the following table: 


1914-15 
1910-17 
1917-18 
, 1918-19 


8,280 tons. 
19,490 „ 
5:i,:i99 „ 
49,000 „ 


'I'he determination of Germany to regain tho world’s markets 
may bo estimated from tho .stops she has taken in tiic nitrogen 
industry. 4’ho position is as follows: Tho German Imperial 
Economic Office and Treasury and representatives of the 
nitrogen indiustry have agreed to found a State Nitrogen 
Monopoly similar to tho Potash Syndicate. The capitalisation 
of leading Gorman chemical linns is given below in millions 
of marks: 



1 

Old .SVyG/ih 

1 

New 

Ordhuifif 

filock. 

Nnn 

Shirk. 

Total 

(\tjiil'il. 

BaiUselie .. .. 

DO 

DO / 

72 

Millinll MlllLs. 

2,52 

F. Bayer .. .. 

DO 

DO i 

72 

2,52 

Hochst. 

DO 

DO 

72 

2.52 

Cassella and Company 

45 

45 

.30 

120 

A.O. Anilin Fabrik 

33 


20 

92 

Griesheim 

2,5 

25 

20 

70 

WoiIer*tor*Mocr 

10-4 

10-4 

8*:i2 ! 

29-12 

Total capital .. 

1 



1,073-12 











Early in the war the German Government appointed a 
trogen Administrator, with considerable powers. His first 
tivity was to increase the output of ammonia from gas and 
kc works to the maximum. The no;ct ^tep was to'-have^ 
jtallod at all cyanamidc plants in existence, which were 
ruing out only cyanamidc for fertilising purposes, autoclaves 
: tlic production of ammonia (p. 218). ' Largo new cyanamidc 
irks were laid down, and for all this the Government made 
ry largo loays. Two large cyanamidc works were erected 
tircly from pulfiic fund.s. 

The Haber plant at Ludwigsliafon, started in 1!)12, was in 
;cessful operation just before the outbreak of war, and 
iduced about 7,000 tons of fixed nitrogen annually. This 
s developed very rapidly to 100,000 tons. This is the 
ipau plant. 'I’lie second work.s at Merscliurg, in Saxony, 
s erected during the war, power being supplied from the 
nite fields. When this works is completed it will have a 
lacity of 800 tons of syntlmtie ammonia per day, or 1 ,.'>00000, 
IS of synthetic ammonium sulphate, per annum. J’lant for 
s works was manufactured at Krupp’s, and it embodies 
,ny improvements (see p. 105). 

During the war, therefore, the nitrogen industry in Germany 
s most energetically fostered by the Government, none of 
; members of which, presumably, had any interest in Chilean 
rates or in shipping, or if they had, eotdd hardly benefit 
them under war conditions in Germany. Control was 
ireised by an Imperial Coniniis.sh>ner for Nitrogen under 
.1 War Dejiartment, who had authority to issue regulations 
' the ju'oduction and use of nitrogen pi'oducts and all tridiic 
the same. Associated with Dr. Rathenau, in charge of 
V materials, were 1‘rofes.sor Caro, rejiresenting the cyanamidc 
crests; Dr. Rueb,representing the Badisehc Comjiany; 
d Professor Geheii^.rat Rruekner, representing the by- 
idiict industry. The fact that these posts were filled by 
entific men must appear .strange to British Government 
elos. 

Even before the end of the war, Germany began to consider 
’ future interests in the commercial aspects of the nitrogen 
lustry. In August, 1018, the association of producers, the 
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Stickstofisyndicat, referred to on p. 197, was formed, largely 
established under Government influence, the capital stock of 
which is held conjointly by the Radischc Company, the 
cyanaifiido group, and the airdiatcd coke-oven and gasworks 
companies. Each of these interests nominates one director, 
tlie fourth member of the board being a Government rc])re- 
scntativc. A further board of managers, wliose chairman is 
nominated by the Governmcnit, looks after the business side 
of the concern. 'J'hc syndicate determines fro'',(> time to time 
what is to be the prodmdion of each grouj). It allotted, in 
1919, 300,090 tons of nitrogen to synthetic ammonia, 93,000 
tons to cyanamidc, and 120,00(/ tons to by-product industry, 

■ fixing tlio ultimate prices in accordance witli the relative 
fertilising values of the. jmxlucts (.sec p. 32). All the output 
of fixed nitrogen was to bo ])uolcd; export was to be alloucd 
only after homo requirements had been met. With a view to 
safeguarding other interests, Germany also set up a body 
consisting of twenty-two members representing producers and 
consumers * 0 ! nitrogen products, called the Nitrogen Com¬ 
mission. The Government, the Stickstofisyndicat, and the 
agricultural interests, have five members each. The fertilisei' 
manufacturers, fertiliser deahus, the German Hoard of Tradi^, 
and the German Board of Agriculture, together with some 
other interests, have one member each. This is a formidabk; 
organisation. 


Power Used in Nitrogen Fixation. 

The power used for nitrogen li.xation is shown in the table 
below, taken from tlu; Statistical Suiqilement to the N.J’.t.'. 
Report. This table shows oiily the two main ])rocesses in 
which power is a primary factor. The installed cajiaeity of 
the power plants employed for nitroLyn fixation in 1924) 
amounted to over a million kilowatts wIrui allowance is made 
for the reserves ahvays proviihal. TIu! actual number of 
kilowatt-hours required to jirodiiee the full output of the arc 
and cyanamidc plants in 1920 was nearly double the combined 
actual output of the whole of the electricity stations of the 
British Islands, including lighting, power, and traction. 
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WoilLD’a (’ONSimPTION OF I’OWEB IN Nitbooen FiXA’nON. 




1913. 

1920. 

4 

Process. 


Installed 
CajuicUt/ in ; 
Tons 

Nitrogen. \ 

Aciml Power \ 
required in \ 
Coniinnons 
Kilowatts. 

1 Imtalled 

1 CajHicUy in 
Tons 
Nitrogen. 

Actual Power 
required in 
Continuous ■ 
Kiloivatts. 

(^yariamido 

Arc.. 

•h 

!. 59,500 
10,900 

130,000 

M2,000 

325,.500 

33,300 

715,000 

310,000 


Prices of Nitrogen Fertiiisers in Germany. 

Tlio table beiow shows the price of nitrogen fertilisers in 
Germany in IDl!) (from Statistical Supplement to N.P.C. 
Report), at which time the output from each industry and the 
prices wore controlled by the Government. The tax was 
imposed and graduated so as to bring the price per ton of 
nitrogen sold as fertiliser to a total figure for each of the three 
products—cyanamide, ammonium sulphate, and sodium nitrate 
(all synthetic)—in the ratio of 8, 9, and 10 respectively, since 
this ratio is stated to represent the approximate relative 
fertilising value of the nitrogen in the three forms. 


Price in Marks in 1919. 


Per Metric Ton Nitrogen 


as — '■ 

At 

i 

Direct Tax. , 

! 

Total to 
industry. 

Jtalhf of 
Totals. 

(Jyanariiiilu .. ,. | 

1,100 

3,4.50 i 

4,sr»<> 

8 

A.miitmium sulphate .. 

2,900 

2,,500 

r>,ioo I 

• 9 

nitrate .. 

\ 3,400 

2,000 

C.OUO : 

10 


These must bo regarded as an index of home prices only. 
Late in 1919 the exchange rate with England varied from 
100 to nearly 200 marks per pound sterling, and if 160 marks 
is assumed, the following very low prices would be obtained: 
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! 

Price per Metric Ton of \ 
Nitrogen as — i 

At Gernmn Works. ' To iyaiscr 

Industry. 

• • 

£ £ 

Cyanamklo. 

Ammonium sulphate 

!»-3 :!2-:t ■ 

i!i-;i :i(i-o 

Sodium nitrate 

22'7 -10 ■U 

At the present time (April, 1921) the rate of. exchange has 

for some time been 249 

mark.s to the pou^d sterling, and, 


assuming this figure, wo obtain the following prices: 


Price per Metric Ton ■ 

Nitrogen as — 

x\t Ctcrmun IKurA-iK. 

To Fcrlilmr 
Industry. 


£ 

£ 

Cyanamide. 

M-9 

61-5 

Ammonium sulphate 

31-0 

57-6 

Sodium nitrate 

36-3 

la-o 


i 


The present prices per inotrio ton of fixed nitrogen in the 
forms in which it is available in the United Kingdom-viz., 
Chile nitre and recovery ammonium sulphate—are (1921): 

Sodium iiilr.itc from Chile.£M0, 

Ammonium sulpluilc .£122 153. 

If the rate of exchange with the mark were lujrmal, the 
selling prices of the Cermaji |)roducts would bo: 



. \i liWv’s. 

1 

1 To Fertiliser 

I Industry. 



£ 

As cyaii.ainide .. 

7(» y 

1 242-5 . 

As aiiimoniuiii sulphate 

145 / 

i 270 

As sodium nitratt) 

170 

; 500-0 


There is no doubt that great changes in economic conditions 
have taken place in Germany since 1919. \Vages, which were 
approximately three times the pre-war level in 1919, are now 
(January, 1921) six to eight times. If the figures for the 
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selling prices in 1919 are taken to include a 10 per cent, profit, 
the Gorman costs of production per metric ton of fixed nitrogen 
in marks would be: 

As cyanamido . 1,260. 

As ammonium sulph.-iUi .. .. .. •. 2,010. 

As sodium nitrate .. .. • • ■ • 3,060. 

Assuming that the ratio of wagc.s paid governs roughly the' 
cost of production, the pre-war costs of production in Germany 
of the above products would be 420, S7o, and 1,020 marks 
rc.spuctivciy, or £21, £43-5, and £51, on the basis of pre-war 
exchange. These figures may be comjtarcd with the estimates 
made by the Nitrogen Products (’ommittco and included in 
other parts of the present volume: £24, £29, and £51. The 
first and third agree, but tlie cost of prodiiction of .synthetic 
ammonium sulphate by tJie Haber i)roce,ss bail been fixed at 
much too low a figure. 'I’lio pi'ices of nitrogenous fertilisers in 
Germany in December, 1921, were as follows, in marks per 
kilogramme of fixed nitrogen: Ammonium sulphate (technical 
quality), 25-80; ammonium sulphate (dry and acid-fuco), 20'4O; 
sodium nitrate, 31-2; cynamide, 23. The prices for British 
ammonium sulphate for 1922 .arc announced as follows: Neutral 
quality per ton—January, £10 3s.; February, £10 13s.; March to 
May, £17 3.s. The corresponding prices for ordinary (luality are 
£l 5, £l 5 lOs., and £l 0. 8odiu in nitrate was £14 per ton in January. 

At the time of writing (April, 1921) it is announced in the 
technical press that the German Nitrogen Syndicate (see p. 197) 
had made a “ remarkable projiosaP” to the British Sulphate 
of Ammonia 1<’ederation. The cH'cet of this is that the Federa¬ 
tion and other groiqis of British nitrogen producers and dis¬ 
tributors should pay to Germany a large sum of money in cash, 
in consideration for which Germany would .agree greatly to 
reduce her exports of Aitrogen for next ses.sion. This jiroposal, 
it was .stated, had been unanimously rejected. It is evident, 
however, that something more than this will have to be done. 
The facts which have so long been known to scientific men in 
this country will gradually become clear even to the business 
man. It would be expected that Germany’s offer might help 
in this work of education. In the Annual Report of the British 
Sulphate of Ammonia Federation issued later in 1921 it was 



THE CYANAMIDE PROCESS 


205 


annouTiccd that a working agrooment liad been made between 
the four ohiof nitrogen-producing countries at Rotterdam, but 

no details are given. 

• « 

Nitrogen Fixation in France. 

]n h’l'anoe (l\e proilucilioii of syiitlu'fi<'. nitrogen eom|)oiind.s 
in 1020 was at llie r,vt(5 of lTpO.ooo tons per aimuni, and when 
tlie extensions of the works are completed the ca])aeity for 
production will be foo.ooo to 500,000 Ions p.4' annum. The 
])roduction of e.yai\amide in France has iuenpased from 75,000 
to 200,000 tons per ajiiuim. 

The oiriciaL policy in l''ra,nc(p befonp the war'was to lay in 
stock.s of explosives sullicient, in the judgment of the military 
authorities, to last out a “ short, sliarj) war.’’ The phenol 
required was obtained from (lerniany. In the middle of 
Reptombor, I!)I t, the use of explosives by tin; artillery was 
exceeding very considerably the amount estimated by the 
military authorities, and it was necessary to provide daily 
40,000 to*.50,(»00 75-inm. cartridg('S and to make schneideritc 
and ammonium perchlorate foi' trench mortars. I’he need 
for cxplosive.s continually increased, and it became evident 
that the character of the war was not at all like that for which 
the country had been pre])ared. A gn!at national effort was 
required, and the part which th(^ chemists of I'Yance j)Iayed in 
this can 1)0 appreciated from tin; following table, giving the 
requirements of the army in metric tons iwr day: 



Propdlani-i. 

Nitr(>gi‘}>ous 

tjX})lodviis. 

Chhrale and 
Varrhlaratc. 
lixiilosivm. 

Mobilisation .. 

21 

{)■* 

()» 

.lamiary 2,11)15 

Hi) 

j loo 

• 

June 6, 11115 .. 

ni4.IU.5 

/i25 195 


October 10 J!) 15 

2 :!s.:fi:! 

:{51(i5l 

109*i:i5 

DcoemlM?r 25, 1911) .. 

441.5,511 

728-9:i() 

15<M59 

June 25,1917 

4S4-(Un 

859-9t0 

MS-12ft 

Februai’y 28,1918 

.441 

025 

— 


After April, HUH, the recpiisitions for explosives amounted 
to about 200 tons per day. 

* Provided in stocks accumulated. 






206 THE NITROGEN INDUSTRY 

Before the war there were eighty-seven scattered works for 
the manufacture of sulphuric acid, producing 13,600,000 tons 
of 63° B6 acid, of which 076,000 tons were used for the manu¬ 
facture of superphosphates and the rest concentrated to 68° 
acid. 'I’his output was reduced by 15 to 20 per cent, by 
enemy occupation of territory. Tlie production of explosives 
called for large quantities of connentrated acid, and steps 
wqrc! taken to force the production of the chambers from 
6 to 0 kilogranVnics of acid j)er cubic metre to 7 to 8 kilo¬ 
grammes, and to increase the Kessler and Gaillard concen¬ 
trating plant in the ratio of 1 to 20. 'Pho use of acid was also 
restricted in industry, and .litre cake began to be used in 
August, 1915. 'Pho Volvic lava of lhiy-do-l)6m<! proved in¬ 
valuable in the construction of concentrating apparatus. In 
addition, there were needed for tlio transport of acid 2,000 
20-ton tank wagons, GOO platforms for which were made in 
England and Spain. 

Oleum containing 20 per cent, sulphur trioxide was ex¬ 
clusively used, the consumption amounting to 1-6 to l-O tons 
per ton nitrocellulose, and 2-2 tons per ton of trinitrotoluene. 
The oleum was, at the outbreak of war, made in a few works 
only, one of which at Thann (Alsace) came under fire in 1914 
and was transported by night to Saint-Denis, whore it was 
rc-erccted and came into operation in 1916. All the common 
processes (Tentclew, Grille, and Mannheim included) were 
used, and a monthly output of 21,000 to 22,000 tons was 
secured. Now works were put in hand, and in the meantime 
oleum was imported from America. The monthly consump¬ 
tion of sulphuric acid and oleum was as follows, in metric tons: 



\ 

00° B6 Acid. 

20 per Cent. Olmm. 

Fobruary, 1915 


.. 1 (i,()00 

1,000 

January, 1010 .. 


.. ' 42,01»0 

.6,000 

January, 1017 .. 


. . i 80,000 

20,000 

January, 1918 .. 


.. ; 60,000 

10,000 

Juno, 1918 


40,000 

j 18,000 


Nitric acid was produced before the war almost exclusively 
from Chile nitre by the retort process, and during the war 
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great extensions of these plants were made. Tlie stock of 
nitre at the end of 1915 amounted to 90,000 tons; it increased 
during 1916, but from the beginning of 1917, when the sub¬ 
marine campaign was begun, the stocks of nitre diminished. 
In 1917 numerous ships laden with nitre were torpedoed. f)n 
account of the largo amounts of raw material (coal, pyrites, 
and nitre) required in the manufacture of explosives, neces¬ 
sitating great shipping demands, it was decided in 1917 to ask 
the American Government to supply explosives ready made. 
A programme was agreed upon, but the actual deliveries from 
America fell far short of the promi.scs. Help was also given 
by Great llritain. The consumi>tion of nitre and nitric acid 
(calculated as sodium nitrate) in metric tons per month was 
as follows: 

Jamiaiy, 1015.. .. I Marcli, lOlfi .. 25,000 

August, 1015 .. .. 9,600 | July, 1917 .. .. 42,000 

On account of the transport and storage difficulties, it was 
decided to produce nitric acid by synthetic methods. These 
had an additional advantage—the economy in sulphuric 
acid which would otherwise be required in decomposing the 
nitre, which was even more important than the nitric acid. 
Before the war synthetic nitric acid was made by the Pauling 
arc process at La Rochc-de-Bame, at the rate of 2 tons of 
50 per cent, acid per day. This was continued, but a new 
factory on the Birkoland-Eyde ])rinciplc was erected by the 
Sooi6te Norvegienne do I’A/ote at Soulom, utilising 12,000 kilo¬ 
watts from the hydro-electric installation in the Hautes-Pyriindes 
of the Compagnie dcs Chemins do Per du Midi. This works 
delivered .300 tons of nitric acid a month, partly as nitrates. 
The ammonia-oxidation process was also largely used, the 
ammonia being derived from cyanamide. d’hc first works was 
installed at the Poudriero Nationale d’Angoulemo. Carbide Was 
imported from Switzerland and converted into cyanamide by 
^ the Socicto des Prodiiits Azotes, nitrogen being obtained by 
the Claude process at Martigny, Notrc-I)amo do Briangon, 
and cspociially Bcllegardo. ]<'rom 2,0.50 to 3,500 tons of 
cyan.amide per month were delivered .at Angoulemo. The 
first oxidation plants were operating in the autumn of 1916, 
and the whole were in operation in 1917. The programme 
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was much onlar^rod in 1017 on account of the submarine 
warfare, and it was then decided to erect factories for making 
500 tons of nitric acid and 150 tons of ammonium nitrate pei 
dav by tlic oxidation of ammonia. This programme required 
800 tons of eahnnm carbide per day and 125,000 kilowatts 
Water power of tho Eyromses, (ientral Erajice, and the Alps, 
and even central steam-power plants at Nanterro and (larmanx, 
were brought into requisition. 'I’hc most important work? 
was at Lannomezan (50,000 kilowatts), and new oxidation 
w(irks were instalbnl at Toulouse, Rassons, Sorgues, and Saint- 
Chamas. Tmdouso and Bassons had begun to operate at the 
Armistice; the others wer/s nearly finished'. 'I'hcse works 
would have supplied all requirements in nitric acid and 
ammonium nitrate. 

The American effort is formidable. Tho now Government 
plant at Mtisclo Rhoals is eajiablc of producing 250 tons of 
nitric acid per day from cyanamide. The oyer-all efficiency 
from cyanamide to acid is 87 per cent., that from ammonia 
to acid practi(!ally 00 per cent. Tho cost of tho* works was 
75 million dollars. In 1010 it was decided to set up a civilian 
organisation known as the United States Fixed Nitrogen 
Administration, under the joint control of the Secretaries of 
War, Navy, Interior, and Agriculture. 

Italy has five cyanamide plants and two arc process plants, 
with a total cai)aoity of about 20,000 tons of nitrogen annually. 
While tho industrial situation since the war has prevented very 
definite developments, it is understood (cf. p. 182) that very 
close relations have boon established with tho Germans as to 
future commercial nitrogen developments, and it is regarded 
by experts as cewtain that larg<;-scalc fixation plants will be 
put down in Italy within a very short period. 

‘Austria was one of the jjioiucrs in both the cyanamide and 
arc processes. There Are no dofinil(i sfatisticis as to tho extent 
of war (hwolopments, but this country possesses at present 
two cyanamide plants with a capacity of 22,(»(>() tons of nitrogen 
and some older small arc plants (see p. 237). 

In Norway there is a large cyanamide plant, at Odda, owned 
by a British company, tho Alby Garbide Company. In 
Sweden there are two completed cyanamide plants; the erec- 
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tion of a third, with the accompanying largo power develop¬ 
ment, was commenced during the war, but was interrnptcd 
by the bursting of a partly erected dam by flood. 

In Switzerland there arc three cyanamido works and two 
small arc plants using the new process (p. 2.')3). 

Although the Nitrogen Products Coinniitteo strongly recom¬ 
mended the erection of cyanamido w-orks in Great Britain 
during the war, nothing was done (p. 187), and this eouniry 
is .still—almost alone among the civilised nations of the world 
—without any nitrogen-fixation industry. 

The view which was often expressed during t!;e war period, 
and is still apparently hold in some quarters, that the oyana- 
mido process i.s a thing of the p.ast in comparison with l-ho 
synthetic amra(mia process, is directly falsified by the above 
figures. There can hardly be any doubt that the original 
recommendation of the Nitrogen Products Committee in 1919 
that the war requirements of this country could most certaiidy 
be met within a reasonable period by the manufacture of 
cyanamido Was entirely just. 


The Manufacture of Cyanamido at the A.G. fUr Stickstoff- 
diinger, Knapsack, Germany. 

This factory is situated in the brown coal fields a few miles 
south-west of Cologne, and is engaged in the manufacture of 
calcium carbide, cyanamido, urea, and synthetic acetic acid. 
Tt is understood to have alfiliations with the Griesheim 
Eloktron and to dispose of their synthetic acid to Meister 
Lucius and Brlining, and also to the Bayer (kunpany at 
Leverkusen. 

As it now stands the plant cost some .“fO,090,000 marks, 

. which represents, in part, a l.f.OOO-h.p. power plant, a cnrliidd 
plant with a capacity of 8,000 tons perTuonth, a cyanamido 
•rJant of 11,000 tons per month, the acetic acid plant for 
.4,50 tons per month, the ammonia oxidation, urea, and gas- 
producer plants. When working at full capacity they employ 
about 2,000 men. 

Cyanamide Process in General. —The process may be con¬ 
sidered in five steps— 


14 
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(1) The manufacture of calcium carbide. 

(2) The criishing of the carbide. 

(3) The liquefaction of air to obtain nitrogen. 

(4) The manufacture of the cyanamidc proper. 

(r>) 'I’he crushing of the cyanamidc. 

I. Manufacture of Calcium Carbide. The raw materials used 
and the quantities of finished products turned out by the 
plant are as follows; 


Rnin Material. 

Present* 

i^tock 

{Terns). 

Consumption 
in Tons per 
Month. 

Source of Supply. 


Prexnt. Full. 


Burnt lime 

1,600 

2,400 8,000 

50 per cent, from occii- 
1 pied territory. 

Coke. 

8,000 

900 8,000 

! Ruhr. 

Anthracite, “ Margo- 

msskohlc IV.” 

r>,ooo 

900 3,000 

: Unoccupied territory. 

Eloctrod(?s 

! 400 

120 1 

400 

Uuisberg and Ikjrlin. 

Calcium chlorido 

200 

' 150 [ 

500 

Chom. Fab. Kalk. 


Fhiished Products. 

Present 

Fioc.fc 

(Tons). 

ConsvmplUm in 
Tons j>er Month. 

' 

Present. Pull. 

Itestinalion (1918). 

Calcium carbide .. 

100 

1 

3,100 8,000 

2,100 tons to cyanamidc, 

Cyanamidc 

1)00 

i 

2,600 : 10,000 

rest to occupied territory 
at present. 

All to occupied territory 



11,000 

at present. 

Acetic acid 

“ ' 

450 

Process worked for Moistor, 

Fuel; 

Eaw brown coal.. 


1 

76,000 ' 140,000 

Lucius, and Briining, of 
Hochst. 

Briquettes tor 
beating, etc. .. 

— 

3,000 ; 3,000 



I 


* This refers to Juno, I'Jll). 
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It is understood that there are in all ton carbide furnaces— 
six of 30 tons, per twenty-four hours capacity, three of 25 tons, 
and one of 45 tons. The first six are of rectangular form with 
dimensions of apf)roximately 12 feet by 8 feet by 6 feet, and 
divided off into throe com|)artmonts by means of partitions 
of firol)rick. A system of two electrodes is in use, the 
bottom of the furnace, which is lined with graphite, being one, 
ami the otlicr consisting of three vortical carbons, or one 
carbon per compartment. These carbons are built up of three 
blocks some 5 to 0 feet in length, and having a cross- 
section of about 18 inches. They hang suspended from an 
overhead trolley, and arc cooled by the customary water- 
jacketed equipment. They are gradually lowered into tho 
furnace until all but 18 inches of tho electrode has been con¬ 
sumed, at which point they arc renewed. 

Transformers situated near the furnaces receive tho current 
at 800 to 1,000 amt)cre3 and 0,000 volts, and transform it to 
33,000 amperes at 133 to 100 volts. Tliis gives a current 
density aiS the electrodes of a})j)rnximatcly 5 amperes/cm.^. 

The burned lime and anthracite arc brought in on an over¬ 
head frollcy to a platform at the level of tho top of the furnace, 
and arc there mixed l)y hand in tho proportions of 100 parts 
lime and 00 parts anthracite. 

Tho charge is thrown on continuously by hand, but tho 
furnace is only tapped every hour. For this an auxiliary 
electrode is used to pierce the side of the furnace, and tho 
operation carried out in the usual manner. Tho hot carbide 
is {)ourod into small cars running on tracks an<l equipped with 
suitable moans for dumping the cooled carbide cake. Tho cars 
are Hat-bottomed aiul only about 8 inches deep, giving a cake 
of the proper size for the jaw crushers, which need not be 
broken up by hand. • 

2. Crushing of the Carbide. —With fhe “ water test ” tho 
finished material gives 230 to 270 litres of acetylene per kilo¬ 
gramme of powdered carbide. 'I'ho requisite finmess is arrived 
at by crushing in three stages -{a) Jaw cruslior giving 2-inch 
pieces; (6) jaw crusher giving nut size; (c) tube mills giving 
the powdered material. Tho cooled carbide is thrown into a 
large-size jaw crusher driven by a 300-h.p. A.C. motor, and 
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the 2-inch size lumps here obtained are carried on an endless 
bucket-conveyer up to a platform some 30 to 36 feet over¬ 
head and tliero fed into four smaller jaw crushers. In the 
latter, instance much fine carbide dust, otherivise lost into the 
air, is collected by means of settlers, of which there are two 
for the four crushers, each settler being connected to two 
crushers. The fine dust is then used dircc^tly for cyanamide 
manufacture. 'Phis dust represents only a small portion of 
total crushed product, but is nevertheless an appreciable 
amount and not to bo neglected. 

The main part of the carbide is reduced in the four jaw 
crushers to nut size and falls down through chutes into hoj)pcrs, 
from which it is fed into .six tube mills. Here it is mixed with 
calcium chloride to the extent of Id per cent, of the total mass. 
This reduces the temperature requircid for the absorption of 
nitrogen. 

The tube mills are divided fill into compartments, in each 
of which are steel rods of about IJ inches diameter and 5 to G 
feet long, (ionsidorable trouble is experienced with t'nc dust. 

3. The Liquefaction of the Air to Obtain Nitrogen.-- Nitrogen 
is prepared by the Linde process, the li<(uid-air plant consisting 
of three sets of compressing apparatus, each of 1,800 m.-’/hr. 
capacity, 'l.’wo are kept in operation and the third serves 
as a stand-by—a most necessary point, as nitrogen is not 
stored, but prepared as needed, and fed direct to the cyana¬ 
mide furnaces, tl’lic air is drawn from a distance of about 
1 kilometre to avoid any possible contamination from acetylene, 
which permeates the whole factory when the plant is operating. 

4. The Manufacture of the Cyanamide Proper. 'The mixture 
of 90 per cent, powdered carbide and 10 per cent, calcium 
chloride is carried overhead in a closed belt conveyer to the 
cyanamide plant, and is there fed from hoppers into the 
eyanamide cans. These arc of rectangular shape with dimen¬ 
sions of approximately 11 feet by 1 foot by J foot, and consist 
of a sheet of thin iron and a perforated bottom which may 
be removed when the cans arc to bo emptied. The bottom 
and sides are covered with j)aper when the carbide is run in, and 
a piece of cardboard laid on top when the can is full, the paper 
burning off when the cans are introduced into the furnace. 
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Fifteen of these cans are piled on a small car, which runs on a 
track into the entire length of the furnaces. 

The furnaces, of which there are sixteen, arc about 120 feet 
long and 0 foot in diameter, of 2-incli iron, with tho triijCk for 
the cars running along tho full length of tho bottom. Fpr 
some 80 to 00 feet of their length tlioy are set in liro- 
brick, to allow of indirect heating by gas produced from lignite. 
Tho nitrogen is foil in from ono end and tho carbide trucks run 
in at tlio other, heated, end. hlvory eight hours three ears 
are pusliod into a furnace with an electric ram operating on 
a small electrically driven truck which runs on a track tho 
entire length of the room. A^ the end of twenty-four hours 
three trucks or forty-live cans of cyanamide have reached tho 
nitrogen end of tho furnace, and are pushed out and allowed 
to cool. Tho cooled material is then ground in tho same 
manner as was tho carbide, and is ready for packing and 
shipment. 

Tho linished material contain.s an average of from 10 to 
22 per cent, nitrogen, and 0-75 per cent, calcium carbide. 
Jluch carbide is converted into lime in the nitrogen furnaces, 
since the door at the nitrogen end of tho furnace must inevit¬ 
ably admit a large amount of air during charging. At the 
heated end of tho furnace less air enters, as a steady stream 
of nitrogen (about three times the theoretical amoujit) passes 
through tho furnace.* 

The Largest Cyanamide Factory in the World. 

We shall conclude this account of tho technical manufacture 
of cyanamide by a description of the largest works designed 
for this process in the world -namely, the American factory 
at Muscle Shoals, Alabama, which was erected by tho United 
States Government during the war for the purpose of supply¬ 
ing nitrates for tho manufacture of munitions. Although this 
works cannot compare as a feat of chemical engineering with 
the German synthetic ammonia factories at Oppau and Merse¬ 
burg, described in tho last chapter, yet it represents a magni- 

♦ The authors aro imiebted to Dr. E. C. Worden, of New York, for tho 
matorial used in tliis account of tho Knapsack works, which ho visited in 
June, 1919. Cj. Allmand and Wiliiams, J. 6'. O'. 1919,38, 304u. 
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ficerit eilort uiidor war conditions, and is of the very greatest 
interest in the study of nitrogen-fixation processes (A. M. Eairlic, 
Met. andCkem. Eiuj., 1019, 20, H; C. Jones, ibid., 1020, 22, 417). 
Cyan^jiinidc had been made since 19<)9 at Niagara, and at the out¬ 
break of war this plant liad a capacity of 04,901) tons per annuni. 
Late in 1917 the American ('yauamid ('ompany formed a 
subsidiary company, the Air Nitrates Corporation, to erect the 
U.l:;. Nitrate Plant No. 2 at Muscle Shoals, Alabama, for a 
capacity of 119,000 tons of ammonium nitrate j)er annuni. 
Plants 3 and 4 at Toledo and (hncinnati, respectively, were 
completed as buildings only at the time of the Armistice. 

In the construction of Plant 2 at Muscle iShoals 20,000 men 
were employed on a site of 2,200 acres, a town of 12,000 people 
coming into being. Muscle Shoals is on the Tennes.see River, 
between ShcHicId and Plorence. The parts of the plant com¬ 
prise --(1) the l*owor Plant; (2) the Carbide Materials Dejiart- 
ment; (I!) the Carbide Purnaces Dejiartment; (4) the Carbide 
Mill Department; (5) the Nitrogen Department; (0) the 
Cyanamide Department; (7) the Cyanamidc Mills*; (S) the 
Ammonia Gas Department; (9) the Nitric .\eid Department; 
(10) the Ammonium Nitrate .Department. All tlu^sc are laid 
out in order from north to south, except the jiitrogen plant, 
which is placed far to tlu! east to avoid conlamination of the 
air used with gases from the other parts of the plant. 

The power plant will ultimately be hydro eleeti'ic (dlicni.. 
and Met. Eny., 1920, 22, 417). 'The present scheme of 90,000 
kilowatts is partly generated by a steam-power plant of 
(i0,()00 kilowatts at tlu; works and j)artly supplied (.‘JO,000 kilo¬ 
watts) by the Alabama Power Company from a steam plant 
at the Government-owned extension of the W'arrior River 
power plant on the Alabama coalfields at Gorgas, and .trans- 
mifted eighty-riight miles. At Muscle fShoals W'cstinghousc 
turbines and generators, Oo-eycle, .‘{-phase, 12,200 volts, are 
used, the power being transmittral through a brick and con¬ 
crete bus tunnel 8 feet high, 22 feet 10 inches wide,and 3,(500 feet 
long. The erection of a dam at Muscle Shoals for hydro¬ 
electric power is now proceeding, and completion is exjjectcd 
in 1922 at a cost of over £4,000,000. The works itself cost 
£ 20 , 000 , 000 . 



THE CYiVNAMIDE PROCESS 


215 


The Carbide Section. — Limestone crushed to J incli to 
2 inches from (jovernment qu.arries twenty miles distant is 
discharged from ears at tlie nortli end of the limekiln building 
by dumping from* drop-bottom ears or with a crane. It is 
carried by a conveyer belt to a bucket elevator, hoisted to the 
ujiper floor, and distributeil by a conveyer belt among seven 
e(.)ncrcte silos, each of cubic feet capacity. The stone 
is ted to the kilns by a cradle feeding device. There are seven 
rotary kilns, 8 feet diameter and 125 feet long, nearly hori¬ 
zontal (5 feet in 125 feet) steel shells lined with firebrick and 
rotated at 1 r.p.m. by bevel gears. The sLiiu; is fed into the 
U[)per end and lired at the lower end by powdered coal and 
air blast. The temperature reaches 7(><l to 1,090“ (I, and the 
process is continuous, three to four hours being required. The 
ca])acity of each kiln is 200 tons raw stone per day. The 
quicklime is discharged into seven horizontal cooling kilns, 

5 feet diameter and .50 feet long, turning 3 r.p.m. The cooled 
lime is then sent t(j the raw materials building. 

Tlie coJtlmill l)uil(ling, situated alongsid(% eoniprises a bin, 
crusher, silo, and drier. Tlu^ dried coal is fed to four Puller 
pulverising mills, and is elevated to steel silos opposite each 
limekiln, from which it is fed by the air blasts. 

In the coke-drier building the coke is crushed, screened, and 
dried in coal-fired rotary driers. It is then conveyed to eight 
silos in the raw mab^rials building for use in the carbide fur¬ 
naces. In this building the coke an<l quicklime are weighed 
by two iSchaller poidonielers lieneath the two bins, oj)erating 
continuously and set to weigh out e.vactly the right amounts 
of coke and lime, which are then delivered to a conveyer belt 
and transferred to tins carbide room. The mixed charge is 
distributed to twenty-four steel silos in the furnace house. 

There are twelve rectangular carbide furnaces, two spare, 
each 12 feet by 22 feet by (i feet inside, composed of steel 
boxes open at the top and lined with lirebrick. The electrodes 
are assembled in a separate room, and are Hi inches square and 

6 feet 5 inches long. A copperhead is bolted on one end, 
throe electrodes are fastened together as a unit, covered with 
wire netting and pasted with asbestos and retort cement, 
afterwards baked in an electric furnace. Each assembled 
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electrode weighs 7,060 pounds. The heads are water-cooled. 
Three complete a.ssoiublcd electrodes are suspended over the 
top of the furnace. The depth of immersion is controlled 
autojnatically at the switchboard. The bus bars arc inch 
tldc'k and 8 inches wide, and there are sixteen bars to each 
electrode. The voltage for the carbide furnac<!S is 130, step 2 )cd 
down from 12,o(»n by transformers. There is one bank of 
transfcn'mersjjer furnace, each of 8,320 kilowatts. 'The current is 
20,000 amjMjres, the normal capacity of a furnace is 18 to 5o tons 
of carbide jjcu' day of twenty-four hours. The temperature is 
3,0(i(t‘" the jjovver consumption 124 kilowatt-days j)cr ton of 
80 per cent, carbide, the electrode consumption Oo to 70 pounds 
pel' ton of carbide. Carlion monoxide bui'iis at the top of the 
furnaces. At the bottom of the furnace is one layer of graphite 
electrodes, 16 iiudies square and 18 inches long, and a layer 
of tar aiul gravel on the top. In starting a layer of coke is 
thrown in, then a charge of 1,000 jiarks of lime to 600 to 620 parts 
of coke, previously mixed as describisl. 'this is shovelled from 
the iloor until the furnace is full. The lirst tap of carbide is 
made six hours from starting, and then tlie furnace is tapped 
every forty-live minutes, the charge lieing renewed the whole 
time. 'The furnace is tajiped by burning out the tajiiiing hole 
witli a portable electrode, aud the molten carbide Hows into 
chill ears of i ton cajiaeity. After tapping, the hole is stopped 
by throwing a few shovelfuls of powdered carbide at the outlet, 
when the outflowing mass .soon soliililies. 'The chill cars are 
hauled by electric locomotives to t'ne carbide cooling house. 

In the carbide mills the carbide pigs are picked off the cars 
by cranes and set aside. Considerable shrinkage occurs, and 
the blocks, when sulUciently cool, arc dumped on to the crusher 
platform. 

.There are three crushers reducing to 11 inches, and three 
mills (o)ic s])are) grindtsig to pass 80 per cent, through 40-mesh 
screen and the rest through lO-mesh screen. 'There are then 
three tube mills pidverising so that 85 per cent, will pass 
through 200-mesh screen. Each unit deals with 15 tons per 
hour. All the.so o])erations are done in an atmosphere of 
nitrogen to prevent explosions. 'The luillcd carbide is con¬ 
veyed to eight silos in the eyanamide building. 
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The Nitrogen Plant. - The intakes arc two .‘Iti-iuch pipes 
extending iiortli and south from the building. Tlio air is thawn 
in by Root cycloidal blowers and sent through sixteen scrubbing 
towers, fi feet dianietcr and ;i(i feet high, packed with Odneh 
spiral rings and fed with 17“ Re caustic soda to remove carbon 
dioxide. 

The iiitrogen plant is of the Claude .system. There an: 
Tlftten compressor units furnishing air at OOO pounds pressure 
to thirty nitrogen columns. 'J'lie ccjinprcssion is done in three 
stages- lio pounds, 110 pounds, and lino pounds. Six columns 
are spare. Tlic columns are oval in sluipe, I J feet diameter 
and 21 feet high. The rectilier consists of a series of sui)e.r- 
posed horizontal trays, ea(;h 11 inches deep, with a layca- of 
li([uid Testing on it. Tlie compi'e,s.sed air e.\j)aiKls from (ioo 
j)oun(ls to .50 pounds, operating a small cngiiu^ giving t to .5 h.|). 
to waste, and (mtej's the I'ectiliei' behjw the critical temperature. 
A small [tart of the air at 000 pounds is admitted, and the 
pressure lirpielies the air. 'The liquid, containing 15 to .50 per 
cent, of oxy'gen, goes to the bottom of the column, and after 
spraying with liquid nitrogen the g.as (^scaping at the top i.s 
yiM) per cent, nitrogtm. This gas is pas.sed through two heat 
e.xchangcrs to a .‘lo-inch main to tint cyantimide building. It 
'•.•teajtes from the n-ctilicr under a pressure of 10 inches of 
water iind goes to tint biiildiitg at 1 inches. .Kacli column 
produces .500 cubic metres of nitrogen per pour. ('The largest 
Linde machine produces l,oiM» cubic metres.) 'The oxyg(tn 
i.s allowed to escapes to waste (sees p. 12). 

The Cyanamide Furnace Department. 'J'here are Iti rows 
of furnaces, 9(i in each row, or l,5.‘l(l in all. Of those, 1,.500 
are in operation. 'These rows are in two .sets, one on each 
side of a central gangway in the building. In this gangway 
the paper liners are made. 'The furnaces are 4 feet 4 inches 
outside diameter, and 2 feet 10 incheh inside diameter, and 
■5 feet 4 inches deep. 'They are steel shells with 9 inches 
firebrick lining. 'To charge a furnace a cylindrical paper tube 
container 2 feet 6 inches diameter, with a vertical paper tube 
3 inches diameter in the centre, is inserted into the cold 
furnace and a charge of 1,(100 pounds of milled carbide put 
in. 'There is an annular space of 2 inches between the paj)er 



218 


THE NITKOGEN INDUSTRY 

and furnace wall. The carbon electrode is a J-inch pencil, 
0 feet 0 inches long, inserted in the paper tube. 'J'he covers 
are put on and the outer cover luted with .sand. 

The nitrogen is brought in by an 8-inch' pipe between each 
pair of furnaces, and two 1 J-ineh [jipes carry off to the furnace, 
one to the bottom at the centre and the other at the side 
() inches above tlie bottom, each provided with a valve. The 
iiitrogon reaches the furnace under a pressure of .‘t to 4 inches 
of water. 

iSitigle-phaso currents of too volts and 200 to i.'io amj)eres 
is turned on ffirougfi tiie carbon rod for twenty mimites, and 
is then cut down to bo volts.and lOO to 115 amperes for twelve 
hours. The reaetiem gives out lieat, and i.s allowed to continue 
without current for tw(mty (ught hours altogether, 'l’■he Uun- 
perature in the furnace is about 1,100'^ ('.; the jnaterial does 
not melt, but sinters into a solid cake. The proiluct contains 
about hit per cent. (‘at.'No, 2 ])er cent. VaV.,, I.'! per cent. UaO, 
and 11 per cent. U. The tioisluHl material is conveyed to a 
mill which is an c.xact duplicate of the carbide mill. It is 
pulverised so that 05 per cent, passes 200 mesh, all in an 
atmosphere of nitrog(m. 'J'he milled material is fed at a 
controlled rate to tiu) hydrating troughs, of which there an; 
three, .‘Ki feet long and 5 f(!et diatneter, each containing a 
horizontal shaft with projecting arms 20 inches long. Water 
is .sprayed in at the feed end at a cahudated rate to decomjiose 
the unchanged earliide,. 'I’he mat(U'ial at the c.vit must be 
perfectly dry. 'I'he agitator rotates at 50 r.|).m,, and conveys 
the material at t he rate of 50 feet per minuhs The cyanamide 
is conveyed through an overhead tunnel to the ammonia 
autoclave building, 300 feet away. 

The Ammonia Autoclave Building.- 'This contains lifty-six 
a'utoclavcs in seven units, one spare, rated at 100 tons per 
unit per day. 'they* arc of 1 j inch steel and cylindrical, 

8 fetit diameter and 20 feet high, each provid(;d with a 
vortical agitator revolving twelve times per minute. A 
2 per cent, solution of caustic soda is run in to a depth of 

9 feet, and 30t) pounds of soda ash added, which reacts with 
the 13 per cent, of free lime in the cyanamide to form caustic 
soda of about 3 per cent, strength. 'The charge of 8,000 pounds 



THE CYANAMDE PROCESS 


219 


of cyanainide is addud from weigh bins. The aectylciie from 
the 2 per cent, still uadccomposed carbide is allowed to esea])u 
through one valve through an e.xhaust fan. The outlet pijie 
is then tightly closed and steam from .sj>eeial boilers admitlisl 
at l.'HJ pounds for twenty minutes. Ammojiia forms, the 
reaction being exotliermie. When the pressure, reaches 
2J0 pounds, the ammonia valve is opened cautiously, but the 
pressure is maintained for three hours, The pressure theij 
falls and the ammonia is alloweel to e.scapo. The valve is shut 
again, and .steam admitted a second time for twenty minutes, 
'file reaction proceeds at 200 jiounds pi'cssure for one and a half 
hours, 'fhe e.scaping gas contains, 2.5 per cent, ammonia and 
?.'> per cent, steam. It pas.scs through a header and seven 
innd drums, followed by seven ammonia column stills, each 
10 feet diameter and 2.5 feet high, containing sixteen hori¬ 
zontal platiss. 'The gas enters at the bottom and bulibli'S 
through caps over l-inch holes in the ])lat(«, jiassing to 
fourteen comlen.sm's arranged in seven sets of two in series, 
containing vertical tubes thnjngh which water circnlates and 
steam is condensed. The ammonia gas passes through a 
2.s-inch pipe, tapped by two 20 inch mains, one conveying 
50 per cent, of tlie ammonia to two (i0,ooo cubic feet 
gasholders for the ammonia-oxidation plant, and the other 
4.5 per cent, to the neutralisation plant for ammonium nitrate. 
'The capacity of the plant is l ,000 tons of ammonia gas per 
week. 

'The autoclave sludge is blown out through an IS inch outlet 
at the bottom by means of steam or air and tails by gravity 
to twenty rotary lilters, livi' sjiare, operating under 20-inch 
mercury suction, where the 2 jier cent, caustic soda solution 
is drawn off and returned to the autoclaves. 

'The hydro-electric develo]mient at .Muscle Shoals comprisei? 
a dam, the “ W'ilson Dam," which it iS estimated will cost 
520,()00,hh0. 'This dam, in course of erection, has a spillway 
crest of 3,080 feet, a height of 94 feet, and a total ba.se of 
177 feet. Fifty-seven feet of the base are taken up by the 
spillway apron. 'The design provides for a maximum depth 
of 13 feet on the crest of the river, and a discharge (jf .500,000 
cubic feet of water every second. 'The wasteway will carry 
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10,000 cubic feet per second. The working head is 92 to 
05 feet. The power-houses will contain foundations for twelve 
40,oo()-h.]). turbines of the siiigle-runjier typo. The estimated 
primary power is 100,000 kilowatts, with total power of 
.‘loo,(too kilowatts. The present steam-pow(;r plant may be 
oporateil in oonjuiietion with the hycjro-clectric plant. 

According to recent information, the control of tho American 
nitrate plants is VHisted in three linns: Ah Nitrates Cotpora- 
tion, interested in ammonia oxidation; the American Cyaiiamid 
(Company, and tho Air Reduction Company, both interested 
in cyanainide. iSiiice lliero is, under pri'sent conditions, no 
considerable market for cyanamide or ammonium nitrate, it 
is propo.sed to adapt the plajit to the inanufacture of ammonium 
sulphate, the necessary sulphuric acid being available at the 
neighb(jurijig works of the Tennessee Copper and Chemical 
Coi'poration. 

'The capacity of the Muscle Shoals plant may bo estimated 
from tlie twelve carbide furnaces, each cajjable of producing 
carbide for 1!),,SI5 tons of dry idtrolirn per annum. At full 
capacity, ten of these furn,aces are working, two being in 
reserve for repairs, etc. 'The local steam-power plant, at 
present ca[)acity, will operate eight furnaces, and as the power 
brought from the (.!ovi:rj]ment unit at the Warrior River 
JSlation of the Alabama Power (,'ompajiy is unduly expensive 
(o-L>d. i)er kilowatt-hour), it is not proposed to operate more 
than eiglit furnaces until the cheap hydro electric power (at 
()-():!7r)d. per kilowatt-hour) at present in process of installation 
s available. The intenti(m is to operate the eight furnaces 
,s follows: 

(i.) Pour furnaces for the manufacture of 7G,()U0 tons of 
ammonium sulphate. 

(ii.) One furnace for the manufacture of 19,900 tons of dry 
nitrolim, eipiivalent to 21,800 tons of hydrated and 
oiled cyanamitlc. 

(iii.) Two furnaces for the manufacture of 19,650 tons of 
amraoniuni nitrate. 

(iv.) One furnace for tho production of cyanamide, am¬ 
monium sulphate, ammonium nitrate, or mtermediate 
products, according to demand. 
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When the hydro-electrie power is avrailnblo, the remaii\iiig 
two furnaces will bo applied to the manufacture of the most 
advantageous product, possibly ammonitim phosphate, which, 
under the name “ Amophos,’' has been put on tlic market by 
tlio American (!yanamid Company as a very cflicient and 
^convenient fertiliser. It combines two essential pi,ant foods 
_^fixcd nitrogen and phosplioric acid. Every effort will be 
m.ads to cultivate the use of cyanamido and ammonium nitrate 
as fertilisers in place of the more familiar Chile nitre and 
ammonium sulph.ate, since the cost of production per unit of 
fixed nitrogen is less in these forms than in the form of am¬ 
monium sulph.atp. The snljihurie .acid u.scd in the manu¬ 
facture of the latter i.s expensive, and so far from being useful 
■as a pi,ant food (as is nitric acid in ammonium nitrate or 
phosphoric acid in ammonium jihosphato), it is believed to be 
positively injurious, rendering the soil unduly acid. 

It is believed that the post-war price of ammonium sulphate 
in America will avcr.agc .above £10 .Os. per ton. On the b.asis 
of nitrogen content alone, with ammonium suljihatc (20-0 piT 
cent, nitrogen) selling at the above price, hydrated .and oihal 
cy.anamido (19-2 per cent, nitrogen) would be worth about 
fEO 2s. per ton, and ammonium nitrate (.9.') per cent, nitrogmr) 
about £27 7s. per ton. 

It is realised that the toxic properties of crude nitrolim and 
tho deliquescent properties of ammonium nitrate will have to 
bo overcome if their us<! is to hi! made popular with farmers, 
“and a sufficient reduction in "price will be necessary in order 
to induce f.armcrs to take tlu; trouble to face those dillicultics. 
When cheap electric iwwer is available, it is (estimated that 
nitrogen in tho form of ammonium sidphatc wordd co.st 4!> per 
cent, more than in cy,anamidc at a pos.sihlo soiling price, and 
17| per cent, more than .ammonium nitrate. 

The disadvantage of cyanamide may bs largely removed by 
4j.ydration and oiling. M. Ferdinand (Iros, in the. I’yronoes, is 
said to have discovered a now process of treatment, in which 
a colloidal organic subst.anco is used as a coating for tho 
cyanamide grains. The tre.atmcnt of ammonium nitrate is 
a more difficult problem. In Italy a process of soaking the 
seed grain in a solution of ammonium nitrate, followed by 
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air-drying, has been tried, and is said to be very successful, 
but it is not known how this would work in damper climates. 
In the same country, ammonium nitrate recovered from 
ammunition has been ooated with ground leucito (a mineral 
pota.ssiiim aliimininin silicate), the nitrogen content being re- 
diK^ed to 17 p(!r cent., but the market for the product is limited. 

When ehea]) eh^etrio power is available, and all royalties 
ari! eliminated, the following production costs have been stated 
to be possible undem Amori(^;iii conditions: 


Prcdiirt. 

Cofit ppT Long Ton. 

Cost per Metric 
Ton Nitrogen. 


£ 

£ 

(yyaiiamidc 

5-71 

28-1 

Ariunonium nitralt* 


‘in 

Ammonium snlphatD 

lO-lS 

4!) 


Recent information indioati's that synthetic nitrogen schemes 
in America arc at ])re.scnt in abeyance. 'I'hc mai^uitacturo of 
“ Amopho.s ” has ii.pparently ceased, and tins nitrates works 
at Muscle (Shoals and Shellield are shut down. 'I'hore is little 
doubt that this is a temporary ])hase, and great activity in 
the near future may be c-xpected. The synthetic ammonia 
plant at (Shelliold is, it is .said, at pre.scnt being overhauled. 

Cost of Fixation of Nitrogen as Cyanamide. 

As regards the cost of li.xation pf nitrogen by the cyanamide 
process, much more detailed and reliable data are at hand 
than is the ease with otluir processes. The method has been 
operated for some years, and has become established. The 
production of nitrogenous compounds by the cyanamide process 
exceeds the production by any other nitrogen-fixation’method. 

' The total cost of lixation of nitrogem by the cyanamide 
process involves a corisiderablo number of items. In the first 
place, there is the production of calcium carbide, and the 
separation of nitrogen from the air. Then there is the forma¬ 
tion of crude nitrolim by the interaction of nitrogen and 
carbide. If the nitroliTU is to bo used directly as a fertiliser 
it requires to be crushed, hydrated, and oiled, but if ammonia 
or ammonium sulphate is to bo made, the nitrolim must bo 
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decomposed by water at a high ternpcraturo in autoclaves 
and the ammonia distilled off. 

The advantages claimed for the process are— 

(i.) The relativftly small power reqiiirements as compared 
with the arc process (see, however, p. 201). 

(ii.) Tlie direct jirodiiction of a solid nitrogenous 
fertili.ser, thus avoiding the costs incurred in other 
proces.sea for converting li(inid products into solid 
marketable f(3rm. 

(iii.) The production of a cheaper marketable form of 
combined nitrogen than that oi)tainaMe by any other 
established fixation process. 

(iv.) The great adaptability of the process as regards 
• the proflucts ol)tainahle. 

Briefly oxprcs.sod, the conclusions of the Nitrogen Products 
(.!ommittee on the economics of the cyanainidc process are as 
follows: Cyanainidc can bo made for about £24 per metric ton 
of fixed nitrogen (cf|uivalent to over !> tons of actual cyana- 
mide); on t)io basis of pre-war prices 50 per cent., the 
approximate factory costs would not exceed £0 8s. at a water¬ 
power site, or £7 at a steam-power station, using coal at 
lls. .3d. per ton. Carbide ('an be m.anufacturcd for about 
£,') per ton, exclusive of the cost of packing. 

'I’he details of the estimate may now be given. Tt is to bo 
remembered that these are based on pre-war prices plun .'iO per 
cent., and th.at the alteration required by recent movements 
in coal prices may be readily made in the appropriate sections. 

The probalilo jiroduction cost of carbide, exclusive of power, 


arc given as follows: 

Carhid-e prr 
Metric Toil. 

a 

Lime: 950 kilo^rammcfl at £()'7r) per inclrk; ton .. .. 0*712 

Anthracite: 620 kiloKratiimcH at. £0’8 per rncl ri / ton .. .. 0*49(5 

Electrodes: 25 kilograniincs jit ,t!l5 per nictric ton .. .. 0-.‘J75 

‘ Jtopairs.0-226 

Labour and exponnes .. .. .. .. .. .. i’087 

Depreciation at 8 p(,ir cent, on €6* .. .. .. .. 0'24() 

Total .. .. £3*126 


* A capita! co.st of .£3 per metric of carbide is adoptt'd for the carl)ido 
factory on a pro-war basis. I 
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'I'ho energy required in the production of I metric ton of 
car))ido in 0-5 kilowatt-year of 8,400 to 8.r>()0 hours. To the 
al)ove figure of must tlierefore he added lialf the cost 

of (doetrical energy j)cr kilowatt-year. With (dectrical energy 
at yiirious prices, tlio following costs of carbide {unpacked) 
would therefore result: 

£ £ £ £• 

t^)st of energy |i(ir kilowatt-yoar .. .. 1-2 li'V.a (i 8 

Tost per metric ton carbide .. .. reUI fid t 7-14 

On the l)asis of a loss of .'io ])er cent, of the nitrogen in the 
fixation process, tlie cost of conversion of carbide tocjninamide 
is arrived at as follows: 

'file (piantity of carbide required per ton of nitrogen fixed 
is about 4 tons, or O-.S ton of carbide per ton of cyanamidc of 
20 per cent, nitrogen content. 

The over-all power requirement amounts to 2'.‘1 kilowatt-years 
of 8,400 to 8,,')00 hours per metric ton of nitrogen fixed, or 
0-4(i kilowatt-year jier metric ton of cyanamidc (20 per cent, 
nitrogen content). As o-.'i kilowatt-year is required for the 
carbide stage, and as 4 tons of carliide are required to produce 
I ton of fixed nitrogen as cyanamidc, tlie power required for 
the conversion of carbide to cyanamidc alone will bo— 
2d! - 4 ■ O-b--: 0-lf kilowatt-year per metric ton of nitrogen 
fi.xcd, or 0'0() kilowatt-year per metric ton of cyanamidc 
(20 ])cr cent, nitrogen). 

'fho cajiital cost of the cyanamidc conversion factory is 
taken as Z\-'> ])er metric ton of cyiriamide. or .£22'5 per metric 
ton of fixed nitrogim, per annum, including the cost of nitrogen 
and packing plants, for discontinuous working (rf. p. IOC). The 
pre-war cajiital cost per metric ton of cyanamidc (20 per cent, 
nitrogen) jier annum will Iheridorc be— 

£ 

‘ C'arbidp si'el ion .. .. .. £()-8x£2 -2'4 

((yanainido .s(i(4.ion .. .. .. 4',7 

1'otal .. .. £(l'fl 

or £34-.'> per metric ton of nitrogen fixed per annum. 

'J'he cost of the power-sf at ion, on the basis of the Nitrogen 
Products Committee e.stimate (p. 2C1) of £10'2C per kilowatt-’ 
year, would be o-.b x £10-20^- £,')• 13 per metric ton of cyanamidc 
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per annum, ami the total coat of the power and chemical 
sections, up to the stage of raw cyanainide, would therefore 
bo £0’9+£5’13= £12’03 per metric ton of cyanamido (20 per 
cent, nitrogen), or’£60'l,5 per metric ton of fixed nitrogen, per 
annum. 

Tho probable conversion cost of carbide to cyanamido is 
given as follows: 

• (Ujanamilk 20 per 

• Cent. iVf7rof/p/p 
■per Metric. Ton. 

Nitrogon, electrodes, liiUoiir, repiiir'^, and expenses .. tl-iO 
DepreciiUioii at 8 per cent, on ilo . 


Total .. 

jiniounting to £8-8 per metric ton of nitrogen fixed. 

The production cost of raw cyannniidc, excluding power, in 
a largo factory favourably situated as regards raw materials 
will then be as follows: 

Cyanawnh 20 per 
Cent. Nitrogen 
per Metric Ten. 

.Raw carbide: 0-8 inelric ton at .£2'130 per ton, exeliisivo 
of [lowi'r .. .. .. .. .. .. .. £2*51 

Cost of conversion, exclusive of jiower. £1*70 

Total .. i:-f*27 


or £21-35 per metric ton of fixed nitrogen, unpacked. With 
an allowance of 5 per cent, intere.st on a capital of £(i-9, tho 
total costs are £4-015 and £23-1)7 respectively. 

To this cost must now lie '.dded the cost of energy, of wtiieh 
0-46 kilowatt-year is required. With energy at various prices, 
tho following figures are obtained per melric ton of cyanamide 
(20 per cent, nitrogen), inclusive of capital charges, hut 
exclusive of interest: 


Cost of onorgy por kilowatt-yc.ar 
Co-st per metric ton cy.iuamido 
Cost per metric ton fi-tcd nitrogen 


£ £ 
1-2 

4-82 , li-lW 

24-U) iiO-DO 


£ £ 

« 8 • 
7-03 7-!).'; 

35-15 39-75 


The pre-war price of cyanamido in this country, containing 
18 per cent, nitrogen, was £10-02 per long ton, or £58-08 por 
metric ton of fi.xed nitrogen. 

All the above figures refer to tlio discontinuous processes; 
the costs by tho continuous process (p. 229),are lower by 

IS 
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about 20 per cent. I'ho advantages of the continuous process 
claimed are— 

(i.) Lower capital cost for the chemical ])lant. 

(ii.) Lower consumption of carbide per ton of cyanamido 
produced. 

(iii.) Lower consumption of energy per ton of cyanamide 
produced. 

' (iv.) Reduction in charges for labour and repairs. 

'rheso economies may be ajipreeiatod by comparing the 
requirements in materials and energy of the continuous process 
with those given for tins discontinuous process: 

Reqittkkmknt.s im:u Mkthiu Ton or Nituooen Fixed. 

Continuous Process. Discoulinuous Process. 


Carbide .. .. .. .. ‘MI25 metric tons. 

Energy .. .. .. ... M)7 kilo\vatt*ye<ir. 

Capital cost of carlfidc- cyana- 
mide factory .. .. .. i per annum. 

Over-all co.st of complcto factory ,, 

Total capital co.st of iiowiu’ and 
chemical sect ions .. .. £45-15 


4 metric lon.s. 

2*3 kilowatt-year. 

£34-5 

£00-15 


The cost of the plant for the after-treatment of the raw 
cyanamide (hydration and oiling) is saitl to amount to only 
fO-9 per metric ton of fixed nitrogem per annum. 

'rho production costs, exclusive, cif poivcr, for the continuous 
process are as follows, the previou’s figure for carbide (p. 223) 
being adopted, and with labour at £(I-2S per shift. The over-all 
costs given arc exclusive of packing and interest on capital: 


('ija)t(imide 19-5 per 
Cent. Nitrogen 
per Metric Ton. 


Carbide; 0*707 ton at £2-95.7 per ton, cnolusive of power .. 
Nitrogen, exclusive of power 
Sundry m.atorials .. 

Electrodes at £14-02 per ton 

Wages at £0-28 per shift. 

Repairs: eyan.amidi' section only 
(lencrnl charges .. 

Dopreciation at 4 per cent, on buildings and 10 per cent, on 
plant 


£ 

2-089 

0-106 

0-192 

0-074 

0-100 

0-279 

0-110 

0-297 


( 


Total .. £3-247 
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or £l fi-65 per metric ton fixed nitrogen. The equivalent cost of 
cyanamido with 20 per cent, nitrogen is £3-32 per metric ton. 
as compared with f-J-27 for flic discoiitinuouR process. 

After-treatment with water and oil reduces the nitroJ;eu 
content of the cyanarnide from lO-f) to 17-5 per cent., and 
costs £M3 per metric tdn of fixed nitrogen in the eyananiide, 
cr £0-2 per metric ton of final product containing n-S per cent, 
nitrogen. 

The cost of the 0-3S4 kilowatt-year of energy required per 
metric ton of cyanarnide (l!)-r> j)er cent, nitrogen) must now' 
be added to the £3-247 to give the cost per metric ton of this 
product. ' 


4 t 

Cost of energy per kilowatt-yrar 1-2 X’T.'i 

Cost of eyanamitle (05 per cent. 

_ nitrogen) j)er metric ton .. .‘t’7()S 4*087 

Cost of lixed nitrogen per metric 
ton .llt-Ol 24*04 


t i; 

(i 8 

5*651 !i*:(l|l 

28*42 32*31) 


The Comujittee are of the o])inion that (he operating cost.s 
as given in the above estimate.s slnnild he increased by 5 per 
cent, to allow' for contingencies. 

'The cost of energy has a mncli .smaller influence on the 
manufacttiring costs in the cyanatuide process than is the case 
in the arc process. Every additional £1 in the cost of energy 
per kilowatt-year affects the production costs by the coviiniioufi 
process to the extent of £n*38l per metric ton of cyanamido of 
19*5 per cent, nitrogen eontwil, or .41*97 per metric ton of 
fixed nitrogen. In the ilixcotiliidiovK proce.ss flic correspond¬ 
ing figures arc £0*41! and £2*3 respectively. 

We have next to e.xatiiine tin* costs of production of am¬ 
monia and ammonium .sulphate from eyananiide. The process,s 
of manufacture i.s ti comparatively .simple one, involving the. 
treatment of the finely ground cyanamije witli sujierlieatcd 
\yater in autoclaves. The eHIcicney of conversion in the 
cyanarnide—> ammonia stage appears to bo about 95 per 
■cent.— i.e., of every 11)0 units of fixed nitrogen in the cyana- 
mide as charged to the autoclavc.s, 95 units are recovered in 
the form of ammonia. 

With this conversion efficiency, 4*33 tons of cyanamido 
containing 20 per cent, of nitrogen arc required for the produc- 
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tion of 1 ton of ammonia (anhydrous), and 5 tons of dry 
residue would be formed (calcium carbonate and graphite). 
Since the actual sludge from the autoclaves would contain 
water about 40 per cent, in excess of the dry residue, the 
actual weight of wot sludge for disposal per ton of ammonia 
will bo about 7 tons. The problem of disposal of this caustic 
sludge is one of the great difficulties of the cyanainide process. 
The boots and clothes of the workmen, and the hoofs of horses, 
are rapidly corroded by contact with autoclave sludge. 
Proposals to dry the sludge, and use the calcium carbonate 
and graphite for reconversion into carbichs or to extract the 
graphite, appear to have had no practical application, although 
the conversion of the sludge into calcium nitrate, leaving 
graphite in a readily filterable condition, by the process of 
the authors (p. 322) seems to offer possibilities in this direction. 

The capital cost of autoclaving cyanamido has been reliably 
stated to bo £0-12 per metric ton of combined nitrogen per 
annum in the form of ammonia. 

The conversion cost of £4-()5 per metric ton of combined 
nifrogon in the form of ammonia, based on American practice, 
is adopted by the Nitrogen Produebs (Jommittee, although 
they point out that recent large-scale practice in that country 
is expected to halve this cost. 

The energy requirements of the conversion process are 
modest, and amount to about 130 kilowatt-hours per metric 
ton of ammonia, or 0-018 kilowatt-year per metric ton of 
combined nitrogen in the form of ammonia. With energy at 
0-25d. per unit, the cost of the energy required in the conversion 
of cyanamide into ammonia would be: 0-2.')d. x 130= £0-135 
per metric ton of ammonia, or £0-104 per metric ton of combined 
nitrogen. 

The cost of conversion, exclusive of loss of ammonia and 
interest on capital, would thus be £4-05+0-164= £4-214 per 
metric ton of nitrogen, or £3-475 per metric ton of ammonia. " 

The over-all capital cost of a complete ammonia factory, via. 
cyanamide, will be the capital cost of the cyanamide factory 
(p. 224) plus £6-12 per metric ton of combined nitrogen per 
annum conversion cost. The capital cost of the power-station 
will be increased by the cost for generation of 0-018 kilowatt- 
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year per metric ton of combined nitrogen per annum. For 
the discontinuous process the capital cost (over-all), allowing 
6 per cent, on the capital cost of the carbide cyanamidc section 
to cover losses in (Conversion, will be— 

• 

I. Carbide cyanamidc section (M)5 x 34-5)-{-conversion 
6-12=£42-34.* 

II. Power section, carbide cyanamidc l'()5x2-3x£10'2() 
-{-conversion 0-()18x£K)-2f)= £24-90. . 

.-. total= £42-34+£24-90 = £07-3 per metric ton com¬ 
bined nitrogen per annum, or £55-44 per metric ton 
of ammonia per annum. 

For the continuous proce.ss the corresponding figures are 
£54-03-and £44-5 respectively. 

The 'production costs of ammonia by the cyananiido process 
may be obtained, for energy at dilTerent prices, by adding to 
the cost of carbide cyanamidc equivalent to 1 metric ton of 
combined nitrogen {plus 5 per cent, for conversion losses) at 
the various prices (p. 225), the cost of conversion to ammonia 
(£4-0,50 per metric ton nitrogen), and the cost of 0-018 kilowatt- 
year of energy, at the various prices, as required for the con¬ 
version. 

The cost of fixing I metric (on of combined nitrogen in tbc 
form of ammonia, with production of packed ammonium 
sulphate, is estimated at £8-0,50, and thus the cost of production 
of ammonium sulphate via cyanamidc m.ay bo estimated. 

Continuous Cyanamide Process.-Carlson (Brit. Pat. 123,796) 
has introduced a continuous process used by the Stockholras 
Superfosfat Fabriks Aktiobolag at Ljunga Verk, in which 
calcium carbide, intimately mixed with an “inditTerent sub¬ 
stance ” which prevents fusion (in practice quicklime is said 
to be used), and a catalyst such as calcium chloride or fluoride, 
is passed down a multistage furnace ’-y intermittent raking. 
Prelimuiary heating is effected by an electric arc in the top of 
the furnace, but the reaction when started is exothermic. 
Nitrogen is passed in at the bottom, and it is claimed that 
80 per cent, of the nitrogen usea is absorbed. The power 
consumption is about 1,500 kilowatt-hours per metric ton of 
nitrogen fixed, while 3 to 6 kilogrammes of olecjtrodes are con- 
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Burned per metric ton of cyanamide. 720 to 730 kilogrammes of 
calcium carbide of 300 litres are required per metric ton of 
cyanamide. The output is 20 to 25 tons of cyanamide per 
furnace per day. It is claimed tliat the product is porous and 
coke like in nature, being more easily crushed than cyanamide 
obtained by other procc.sses, and contains 20 to 21 per cent, 
of nitrogen. The annual output at Ljunga Verk is 20,000 
metric tons of cyanamide. 

' Fixation of Nitrogen as Nitrides: the Serpek Process. .Many 

elements, such as lithium, calcium, magnesium, and boron, 
absorb nitrogen when heated, forming nitrides- e.g., LiaN 
and CajNj--which .arc decomposed by water or steam with 
evolution of ammonia: 'Ca.N., l-tilliO-^ .3(Ja(()il),,-l-2NlI;,. 
Owing to the dilliculty of reducing the, hydroxides again to 
metaLs, the use of such substances as intermediaric.s in the 
fixation of atmospheric nitrogen has not found industrial 
a])plication. A more j)romising reaction is the formation of 
aluminiutu nitride from a mixture of alumina and carbon 
heated to a very high temperature in nitrogen: ALO;,-l-3t'-i K, 
= 2AlN-l-3(‘0. The nitride can be dccompo.sed by heating 
with water and a little alkali under pre.ssiire: AIN-1 .311 „() == 
Al(OIl).|-l-Nll 3 . 'ITiis was ajjplicd in the f^erpek process, 
which was worked for a time in the Savoy, but was ultimately 
abandoned. T'he solids were, heated in a revolving tubular 
furnace with an electrical resistance luater c{)mposcd of a 
number of carbon rods embedded in the walls of the tube. 
A temperature of 1,500° to 1,S00*° C, is necessary, and great 
demands arc made on the refractories comjiosing the furnace. 
The ligure.s stated for the ])roccss .are .att.ractive, the total 
power consumpthm being given as only io to 12 kilowatt-hours 
per kilogramme N lixed. Jfurthcr, the alumina left after the 
decomposition of the nitride is suitable for the manufacture 
of aluminium, and by psing l)auxite an the initial material the 
process might bo combined with the manufacture of aluminium. 
It is understood that experiments are in progress by the 
American Aluminium Comjrany, the chief problem being the 
discovery of a suitable refractory material for the furn.ace. 
It is not known with what success this work has been attended. 

In a more recent account of his process, Serpek (Zeilschr. 
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fur. konipr. widjlilss. Gimc, 1!)I4, 17, '>7) rof(!rs to a modifica¬ 
tion in which the charge in powder form is dropped through 
an atmosphere of nitrogen in a smaller type of furnace (4 metros 
high and 1'5 mftres wichd- See also Toniolo, Gioniale di 
Chimica Industrvde, ed Appliailu, July to August. 1921. 

Fixation of Nitrogen as Cyanides.- Dawes in I8:i,'» found that 
cyanides were produced in the blast furnace, and (he researches 
of Bunsen and Playfair about IS 10 showed that these cyanides 
were formed by the interaclion of atmospheric nitrogen with 
pota.ssium and carbon compounds in the furnace. If nitrogen 
is passed over a mixture of potassium carlonato. and carbon 
at a high tumporature pobassium cyanide is formed; with 
sodium carbonate the yield is very small. The ]»rocess was 
used on a small scale at (Irenelh! and at Meweastle-on-Tyne, 
but owing to the action of the m.ateri.als on the vessels at the 
high temperatures the method was di.scoutinued. In 1802 
Margueritte and Do JSourdeval found that if ba.rium carbonate 
or hydroxide is used instead of potash 1 he yield is very much 
improved. The barium cyanide formed may be decomposed 
by treat!nmit with steam at .‘iiaC with erolution of ammonia, 
the barium livdr<)xi(.le being regenerated: l!a(C21)2-|-Hb2D= 
2NII3 i-Ba{()tl), i 2('0. 'I'he i)rocess was worked by Mond 
for a time, but was later abandoned. Readman used the 
same process, with electrical healing, between 1899 and 1907 
at the works of the .Scottish Cyanide Comj)aiiy. J. E. Bucher 
(./. fiid. Eiuj. Cham., 1917. 9, 2;!:{; Md. and Chein. Eng., 
1910, 14, obi) claiTiis that nitrogen can be. economically li.xod 
as .sodium cyanide by heating an intimate mixture of equal 
weights of sodium carbonate, coke, and metallic iron, formed 
into brupicttes, at 92o“ to O.Ht' in a stream of nitrogen or 
producer gas. The residting product is said to contain 20 
to 30 per cent, of sodium cyanide, reju'csenting 5-7 to 8-7,per 
cent, of corabiiieel nitrogen, ajiil mayj)e decomposed by steam 
to form ammonia— 

Na./'03 |-4(;+N.;,:^2Nat'N f3('0—138-r) kg.-cal. 

Na('Nd 2H..() ibCOOXa I XH3. 

Bucher proposes to form the carbon directly in the mass 
by the reaction 2CO=(.'Ui. -l (i at high temperatures in presence 
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of the iron. All the essential features of Bucher’s process were 
patented by Adler in 1880, but the rights were allowed to 
lapse. The United States Government have made careful 
investigations of the process. A large plant was said to be 
ready to begin operations at the time of the Armistice. 

Clancy (U.S. Pat. 1,329,652; Met. and CJiern. Eng., 1920, 22, 
866) finds that, of tlic many compounds present in the reaction 
product of the Bucher proccs.s, only sodium cyanide is soluble 
in liquefied ammonia. The extracted residue, when returned 
to the process, seems to have an improved catalytic action. 
Air must be excluded, or cyanates, also soluble in liquid 
ammonia, arc formed. 

Mount (U.S. Pat. 1,329,721; Mel. and Chem. Eng., 1920, 22, 
709) has devised a continuous process, briquettes of the charge 
being fed to a vertical retort, treated countereurrently with 
nitrog(!n, and kej)t at 1,000° C. Cyanide, as formed, binds the 
briquotte.s, and on reaching the cooler part of tlic retort a solid 
mass is formed, which is broken up and passed to a cooler. 

l'homp.son {Met. and Ghem. Eng., 1922, 26, 124) s'l.atcs that 
a pure form of carbon is necessary. Coke gives poor restdts. 
The materials, consisting of prc'cipitated iron oxide, carbon, 
and soda ash, are fiiu'Iy ground, and if the briquettes after 
heating contain 80 per cent, of iron and total alkali, no binder 
is necessary. It is suggested that 35 tons of briquettes should 
give 7 tons of sodium cyanide. 



SECTION III 

THE AliC rilOEJ'LSS 

The principle of the so-called “ arc process” for the fixation 
of atmospheric nitrogen is the following: When atmosplu'ric 
air or other mixtures of nitrogen and oxygi ii are heated to 
a sufficiently high temperature, combustion of the nitrogen 
occurs, with the formation, in the first instance, of nitric 
oxide, NO : N2-l-02:f=^i'N0. The process is reversible, and 
a state of equilibrium may be set up at each temperature (see 
p. 15). A large amount of heat is absorbed in this reaction, 
so that it differs entirely from ordinary processes of com¬ 
bustion, in which heat is livolvcd. This is, of course, a neces¬ 
sary condifion for the existence of the atmosphere at all; if 
nitrogen and oxygen could combine with the evolution of heat, 
the smallest llamo presented to the atmosphere would lead to 
its ignition, and the earth would Itc deluged with nitric acid, 
the product of the combustion in the presence of water. Owing 
to the ab.sorption of lieat in the combustion, however, it is 
necessary to supply continually large quantities of heat to 
the gases, otherwise the process stops. It is also necessary, 
in order to get appreciable yields, to work at a very high 
temperature—say 2,000“ to .'!.000° 0. Such high temperatures 
are practically only reached in the electric arc, which has a 
temperature of at least 3,000“ 0. 

It is obvious that, on the principle of tho combustion of air 
at a very high temperature, an industrial process for tho fixation 
of nitrogen can be founded, since the pitiduct, nitric oxide, can 
be converted simply by the excess of oxygen in the air, together 
with water, into nitric acid, which is one of the most useful 
forma of combined nitrogen. The technical realisation of tho 
process proved, however, to bo by no means simple. In the 
first place, some type of electric arc must be applied which 
presents a large surface to the air brought in e,ontact with it, 
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and is at tho same time stable— u.g., not liable to be extin¬ 
guished by the blast of air. In tho second place, some means 
of cooling the gases rapidly after they have been exposed to 
tho intense heat of the are must be devised, since, if tho gas is 
coofed down slowly, the nitric oxide which was formed at the 
high temperature is almost completely decomposed again as 
the temperature falls, on account of the reversible character 
of the reaction. When, however, the temperature is very 
rapidly lowered from 3,00(1“ to about ], 00 (i“ C'., the nitric 
oxide will not be allow(;d siilficient time to undergo decom¬ 
position, .sinc(; this process is not instantaneous, but requires 
a finite time, winch is very .sm.all, it is true, at.very high tem¬ 
peratures, but bi'ctunes more and more a[)preciable as the 
temperature falls, until at and below 1,000“ C. the.rate of 
decomposition of nitric o.xiile has become .so sIoav as to bo 
inappreciable. Tlie gas then behaves as though it had no¬ 
tendency whatever to (oidergo decomjiosition. The conditions 
may be compared roughly with those under which a candle, 
which is a ecnnbu.stible body, can exist indeliniiely in tho 
presence of air unless heat is applied to the wick. It is only 
when the combustible is raised to a sullieiently high temperature 
that the reaction occurs at an appreciable rate. 

The. amount of nitric oxide formed when air is rai.sed to a very 
high temperature and then rapidly cooled, as described, is 
from 1 to 3 pi-r cent, by volume. 

In tho dc.scriptions of the synthetic ammonia and cyanamidc 
proce.sscs we have i)ointed out that', although much preliminary 
work was done by various experimenters, tho real establish¬ 
ment of the tcchnic^al proce.sscs was diu: to CJcrman chemists. 
Tho first steps in (he establishment of the process of the 
fixation of nitrogen in the electric arc, the one process unsuited 
to present British conditions, were madi^ by British .scientific 
investigators. Henry it‘avendish, in 1784, noticed that when 
a mixture of oxygen and nitrogen gases was exposed to a 
continuous stream of electric sjiarks iu a tube confined over 
potash solution, the gas gradually disappeared and the-potash 
was converted into potas.sium nitrate, or nitre. 

During the last century the late Lord Rayleigh was 
occupied in purely academic researches on the densities of 
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gases. In these he introduced refinenients in previous methods, 
and was thus enabled to reach great accuracy. These ex¬ 
periments had no technical object, and would doubtless have 
been regarded with disfavour by the severely practical typo 
of mind which is so common in Kriti.sh business circles. In 
the course of this work Lord Rayleigh made a curious observa¬ 
tion. In 1894 he found tliat nitrogen gas obtained from the 
atmosphere was sligiitly but distinctly heavier than pure 
nitrogen obtained from (Oiemieal substances. The weight of 
the “chemical” nitrogen was l-L’.tlOT, whilst that of the 
“ atmo.splieric ” nitrogen was 1-20718. Suoli a dilfercnec, 
which could oiily have been detected by the accurate methods 
used by Lord Rayleigh, did not escape such an acute experi¬ 
menter. It was neee.ssary to lind an e.\i)lanatiun for the 
dilfercnec. Lord Rayleigh then remembered the old experi¬ 
ment of Cavendish, and in reading Cavendish’.s memoir he 
was struck by the mention of another eurious fact. Cavendish, 
who was an experimenter of the .same calibre as Lord Rayleigh, 
had notietd that in sj)arking the two gases over pota.sh there 
wa.s never complete absorption, but a slight residue of gas 
was always left which could not be induced to ciiter into 
chemical combination with oxygen. Lord Rayleigh saw- that, 
if it was a.ssumed that atmospheric uitrog(m contains a small 
amount of another gas, slightly heavier than nitrogen, which had 
not been noticed t)y previous obs(U'ver.s (except Cavendish), the 
higher density of atmospherics nitrogen W'as readily explicable. 

The analysis of air had, however, been carried out by 
hundreds of chemists since tin.- time of Cavendish, and some 
of the analyses were of great accuracy. It was, therefore, 
hardly possible that in so common a material as air, winch 
had been the subject of so many experiments, any previously 
unnoticed constituent could be present. At the same time, 
this was the most reasonable explanatj-jn. Lord Rayleigh and 
Sir William Ramsay then joined forces, with the result that 
ultimately no less than five entirely new gases, all elements, 
were discovered in atmospheric air. These are the inactive 
elements-—helium, neon, argon, krypton, and xenon. They 
form no compounds with any other elements. 

In the course of this work, and merely as a side-is.suc. Lord 
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Rayleigh laid the foundations of the modern nitrogen-fixation 
industry. In order to examine the minute residue of gas 
noticed by Cavendish, Lord Rayleigh caused the experiment 
to bo performed on a much larger scale. Sc used, instead of 
the spark.s from a frictional electric machine as employed by 
Cavendish, a powerful electric arc burning inside a glass globe 
containing a mixture of oxygen and nitrogen. The inside of 
the globe was kept cool by a fountain of caustic soda solution, 
which also absorbed the oxides of nitrogen formed in the 
reaction. A mixture of sodium nitrite and sodium nitrate 
was produced: 

(1) N2-102=3N0 (oxidation in the arc). 

(2) 2 N 0 -)-() 2 -= 2 N ()2 (secondary oxidation, with forma¬ 

tion of brown fumes of NO..). 

(3) 2N02-b2Na0H—NaNO .2 (sodium nitrite)-i-NaN(I, . 

(.sodium nitrate)-l-H.T). 

Lord Rayleigh obtainctl a yield of nitric acid of 4(5 grammes 
per kilowatt-hour expended. In the most mocfcrn plant, 
02 grammes are obtained. The fixation of nitrogen, it will 
bo seen, was not the primary object of the o.xperimcnt, which 
was to remove the oxygen and nitrogen of air together, leaving 
the now gases. 

From beginning to end the magnificent work of Lord Ray¬ 
leigh was “ academic.” VV^o may therefore bo pardoned if wo 
once more insist that, almost without exception, all the great 
discoveries of chemical industry have been made by men 
working in the cause of pure science, and not by squads of 
employees working in technical laboratories under direction. 
There is no more important lesson for the business man than 
the work of Lord Rayleigh. The latter was an example of 
a type of scientific investigator in which the English may 
take a peculiar pride. -Horn, not raised, to the peerage, Lord 
Rayleigh devoted his magnificent gifts to the cause of science, 
and one of his many achievements is the foundation of the 
nitrogen-fixation industry. It is true that the name of Lord 
Rayleigh is not usually prominent in the descriptions given 
in technical manuals of this industry; this is merely the result 
either of ignorance or of oversight. 
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The first attempt to put the discovery of Rayleigh on a 
technical basis was made by McDougall and Howies, in 
Manchester, in the year 1891). These two experimenters have 
the honour of being the first to show the possibility of the 
technical utilisation of the scientific work of Lord Kaj^eigh. 
Neither their process ijor the later and more elaborate plant of 
Bradley and Lo\'ejny at Niagara Calls was a commercial 
success. The credit of inventing, in 1903, a really successful 
technical method for the fixation of nitrogen in the electric 
arc belongs to two Norwegians-Dr. liirkeland, Professor of 
Physics at the Ihiiversity of Christiania (an “academic” 
man of science), and J)r. Sauuiel Pyde. an engineer. Prom 
the joint efforts of these two men, who were sustained by a 
splendid optimism and a faith in their ideas which have been 
abundantly justified, the modern arc process in Norway has 
ilevelopcd. At present some 300,000 h.p. are expended on 
nitrogen fixation in Norway. 

Independently, a siu^eessfid arc furnace was evolved by 
Dr. Schoftherr, working for the B.adi.schc Company, and by 
Pauling, at Innsbriiek, in the Austrian Tyrol. All these 
furnaces arc at present in actual operation, the Birkeland- 
Eydo to the largest extent. 

The throe processes diffiw soiw^what ermsiderably in |)rin- 
ciple. In the .Birkeland-Pyde jiroeess an electric'arc is struck 
between water-cooled co|)p(U' electrodes with the extremities 
close together, and the arc is then spread by means of a power¬ 
ful magnetic field at right’angles to tlu! path of the arc. 'The 
poles of a strong eleetrom.agnet arc; placed one mi each side 
of the electrodes to providi^ a constant magnetic field. 'The 
arc is produced by an alternating current of high voltage 
(0,590 volts), and eaifii successive small arc is spread by the 
magnetic lield until it breaks and a msw are starts. By reason 
of the alternating nature of the current in the arc, the latter 
is spread alternately on one and on the other side of the 
electrodes, and the alternations succeed one another so rapidly 
that an apparently continuous sheet or circular disc of flame, 
about 6 feet in diametiw, is produced. This is enclosed in a 
circular iron box, lined inside with refractory bricks, with 
inlet ports for air on each side of the elcotric disc, and an 
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outlet for the gas at the bottom. Air is blown or drawn 
through the chamber, and sweeps over each side of the arc. 
The latter exposes a largo surface, and the air in contact with 
it is probably heated to about 3,000° C. 

Nitric oxide is formed, and the intensely hot gas then sweeps 
into a large iron tube lined insidi; with firebricks. In this 
its temperature is quickly reduced to about 1,000° C. 'I'he 
ga.s then passe.s tliroiigh tlie linOjox of a tidmiar steam boiler, 
where further cooling to about 250° (1. occurs, w’ith production 
of tnore .steam than is used in the whole works. The gas 
is next cooled to about .50° (', in large aluminium pipes cooled 
by water, and them passes thr.ough a large empty iron tower, 
in which the oxidation of the nitric oxide to nitrogen dioxide 
occurs; 2N0 [-02;:5=i:2N(\. With the dilute gas this process 
of secondary oxid.ation requires about two minutes to attain 
practical completion. 

The gases finally pass through a series of enormous granite 
absorption towers, (>5 feet high and 20 feet diameter, built up 
of slabs of Norw(wian granite, and packed with broken quartz 
over which water trickles. 'I'he nitrogen dioxide is absorbed 
as dilute nitric acid: 

(1) 2Nt\+11.^0:=ll.N(),iH-UNO; (absorption reaction), 

(2) 21 IN 02 ~:N() bNOj I-lI./) (decomposition in solu¬ 

tion). 

(3) 2N0-1-02=2N0o (oxidation in gas space). 

About 8.5 per cent, of the total nitrogen dioxide absorbed 
is obtained in the form of nitric acid of 30 per cent, strength. 
'I’he gas pa.s.sing from the water-absorption towers is passed 
through an iron towcw paek(Ml with (piartz, over which a solu¬ 
tion of sodium carbonate trickles. Sodium nitrite, NaNOj, 
whioJi is used in the manufacture of dyes, and sodium nitrate, 
NaNOj, arc obtaim'd by evaporation of the solution. The 
remaining 15 per cent, of oxides absorbed arc recovered in 
this form. It is found in practice that about 2 per cent, of 
the oxides of nitrogen ahvay.s e.scape absorption and are lost; 
the remaining 98 per cent, are absorbed in the proportion of 
85 of nitric acid and 16 of nitrite and nitrate of sodium. 

The 30 to 40 per cent, nitric acid may be concentrated by 
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outlet for the gas at the bottom. Air is blown or drawn 
through the chamber, and sweeps over each side of the arc. 
The latter expo.ses a large surface, and the air in contact with 
it is probably lieated to about 3,(100° C. 

Nitric oxide is formed, and the intensely hot gas then sweeps 
into a largo iron tul)e lined inside with tircbricks. In this 
its temperature is quickly reduced to about 1,000° C. The 
gas then passes through tlx; firebox of a tubular steam boiler, 
where further cooling to about 2ui>° (I. occurs, with production 
of more steam than is used in tln^ whole works. The gas 
is next cooled to about 50° ('. in large aluminium pipes cooled 
by water, and thisn passes thr.ough a large empty iron tower, 
in which the oxidation of the nitric oxide to nitrogen dioxide 
occurs: 2N()dd)a':g=~^2NO;. With the dilute gas this process 
of secondary oxidation requires about two minutes to attain 
practical completion. 

The gases finally pass through a scries of enormous granite 
absorption towers, (>5 feet high and 20 feet diameter, built up 
of slabs of Norwegian granite, and jiacked with broken quartz 
over which water trickles. The nitrogen dioxide is absorbed 
as dilute nitric acid: 

(1) 2N02+na0 -llNOj-l-llNO.j (absorption reaction). 

(2) 2 HN 0 . 2 =--N 0 ( NGj l-lbO (decomposition in solu¬ 

tion). 

(3) 2NO-f-0.2==2XO2 (oxidation in gas .space). 

About .S5 per emit, of the total nitrogen dioxide absorbed 
is obtained in the form of nitric acid of .30 per cent, strength. 
The gas passing from the water-absorjition towers is passed 
through an iron tower packed wdl li (piartz. over which a solu¬ 
tion of sodium carbonate trickles. Sodium nitrite, NaNOj. 
whiolr is used in the manufacture of dyes, and sodium nitrate, 
NaNOj, are obtained by evaporation of the solution. The 
remaining 15 per cent, of oxides absorbed are recovered in 
this form. It is found in practice that about 2 per cent, of 
the oxides of nitrogen always escape absorption and are lost; 
the remaining 98 per cent, are absorbed in the proportion of 
85 of nitric acid and 15 of nitrite and nitrate of sodium. 

The 30 to 40 per cent, nitric acid may be concentrated by 
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distilling it with concentrated sulphuric acid, or it may be 
converted into nitrates. If the dilute acid from the towers is 
run into granite tanks filled with lirokeii limestone, calcium 
nitrate is formed, c«'bon dioxide gas being evolved; 

CaCOj f 2 IIN() 2 =Ca(X() 3 ),-| COjd HjO. 

The solution of mlciiim nitrate i.s evaporated, and sets to a 
mass known as “ Norge saltpetre,” used as a fertiliser. It is 
sent out in wooden barrels (.see later). The nitric acid may 
also bo neutralised with ammonia solution, which is made by 
the cyanaraide process, to form aiiiiiioninm mtrat •, NH4NO3. 
which is cry.stallised by cvaporalion. Sodium nitrate may 
also be made by neutralising wifli .soda ash, imported from 
English.alkali works. 

The processes of Selibnliorr and of Pauling do not call for 
"tietailed description. In the former the arc is produced in a 
long vertical tube, and the air is admitted through apertures, 
so that it moves up the tube in a spiral, alternately striking 
the arc anck the cool walls of the iron tube in which the arc 
burns. The arc flame is in this case noisele.ss, whilst the disc 
in the Birkeland-Eydc furnace emits a loud and unpleasant 
rattling noise. The subsequent treatment of the gas leaving 
the Schbnhcrr furnace is tlu; sauu^ as in (he Birk(!land-Eydo 
process. Some iSehbnherr furnaces are in operation in the 
Norwegian works, and they are also used to some extent in 
Germany. 

In the Pauling process an'are is sti’uck between tw'o horn¬ 
shaped (ilectrodes which apjiroiudi at the I(jw(U' j)art of the 
horns. The arc is then filown upwards between the horns by 
a powerful blast of air directed upwards in the space between 
the electrodes. When the arc reaches the top of the horns it 
becomes so elongated that it breaks, and a new arc starfs 
again below. Through this rapid succession of arcs the air 
passes, and the gases arc then treated in the same way as 
in the other processes, for the production (jf nitric acid. In 
the original Pauling process iron electrodes were used. The 
researches of l)r. Rossi, who employs a modified Pauling 
process, showed that in this case the yield is small, since the 
nitric oxide is decomposed on cooling in contact with particles 
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of iron oxide produced from the electrodes. By using cooled 
aluminium electrodes, Rossi was enabled to obtain much 
better yields. The Pauling furnaces arc much smaller than 
those of the Birkcland-Eydo or Schonberr type, and are 
particularly adapted to localities where power is obtainable 
only intermittently, a.s in the “ off-load ” periods of largo 
metropolitan electric generating statictn.s. 

Speaking broadly, one may say that for large undertakings 
the Birk(dand-Eyde and ,SelK)nherr furnaces are about equally 
efficient, whilst for .small works the Pauling furnace is most 
convenient and economical. In all cases the gases contain 
about t per cent., or slightly over, of nitric oxide. 

The most imjxirtant commcnnal product of tlie arc factories 
is calcium nitrate (“nitrate of lime"), which is used as a 
fertiliser. 


Statistic.^ op PiionncTioN op Calcium Nitkate in Norway by the 
Akc Process. 


year. 


Production in Metric Tonrt. 


(tonsnmptionin Metric Tons 
{Approxinmteli/). 


Calcium Nitrate, \ Combined Nitrogen,* Calcium Nitrate. 


1907 

1,001 

208 

215 

1908 1 

0,102 

003 

470 

1909 1 

11,953 

1,554 

970 

1910 ' 

18,509 

2,414 

1,800 

1911 : 

13,152 

1,709 

1,907 

1912 ; 

30,468 

4,711 

3,721 

1913 i 

73,214 

9,518 

5,500 

1914 ‘ 

82,000 

10,700 

7,500 

l915 

48,000 

6,200 

9,500 

1910 1 

01,000 

7,900 

15.000 

1917 1 

72,000 

9,400 

30,500 

1918 

105,000 

13,tl00 ! 

51,000 

1919 

109,000 

14,200 

45,000 

1*20 ! 

— 

- - 

110,000 


* (.)n tho basis of 13 por cent, ('ombinod nitrogen in tlio calcium nitrate. 
The iigurea for I'JU- I'.il'J aro taken from Report on tlie Coinmerco and Industry 
of Norway, Cmd. 83t), li)20. Tlie consumption in 1920 is from tho Nitrate 
Trading t’ompany. The price of calcium nitrate sold for fertiliser purposes 
in Kngland in Jlcccmlier, 1920, was £23 15s. per ton, oquivalont to £179 8a. 
por ton of combined nitrogen. 
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The striking feature of the above table is tlie inercase in 
home consumption in Norway as a fertiliser. In l!)IO tliis 
amounted to ten times the pre-war ligure. 

With reference to tlio use of nitrate of lime as a fertiliser, 
we may mention the interesting brocluire entitled “I.e Nitrate 
do Norvege, son emploi,” by M. do la Vallee Poussin, issued 
by tlic Soeiete norvegieitne do I'azote, Paris, P,)13. 

The production of nitric acid in the arc ])roccss is very small 
in comparison witli the total electrical energy expended. In 
all three types of furnace it amnunls to about ill grammes of 
nitric acid (ealeulabal as loo per cent. IINtl ) per kilowatt- 
hour, measured at the station switchboard, with full allowance 
for los.ses during absorption anti eoneentration. In other 
units this amounts to an expenditure of— 

1- 87 kilowatt-years per metric ton (1,000 kilogrammes) 

of nitric acid: 

8-II kilowatt-years per metric ton of nitrogen fixed; 

2- .)5 h.p.-yrs. i)er long ton (2,210 pounds) of nitric 

al'id; 

11-43 h.p,-yr,s. [ler long ton of nitrogen fixed. 

(In alt cases I year is taken as 8.700 hours; I kw. —1-341 h.p.; 
t long tou=2.2fO jionnds; 1 metric tf>n 2,203 jionnds.) 

On account of this large consumption of energy, tlu^ arc 
process can bo 0 |)erated econoniic.-dly oidy in localities where 
very cheap and (excr'pt when the Pauling furnace i.s used) 
continuous sources of <d(( trical energy are available. The 
cheapest source of energy at pi-escnt known is waf.cr j)ower. 
In Norway the cost per kilowatt-ycs'ir of elec-trioal energy 
from watr^r power is about .Cl-2; in l-higland. with coal as the 
source of energy, the corresponding cost is about £(» to £8, so 
that there seems little jirospeet of snr-cessfid operation of 
are processes with coal in this country. The cost of watcT 
power with continuous working at Kiiilochlcvfn and Foyers 
is estimated at 3fs. per h.p.-year. 

The Nitrogen Products Committee expressed the o))inion 
that, with improved furnaces, the ellicieney of the are process 
could be increased by PI to 1 -3 jier cent., and that with clccti-ieal 
energy at £3-73 per kilowatt-year the process might bo o])erated 

1 « 
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economically. Recent very large increases in the price of coal, 
chiefly but not entirely owing to higher labour costs (p. 192), 
have made this figure of impossible. In any case, since 
only .T per cent, of the electrical energy isiactually utilised in 
the arc process in peiforniing electrochemical work (fixation 
of nitrogen), the remaining 95 per cent, appearing as sensible 
heat in the gas. which is largely wasted on cooling, it would 
appear highly undcsiraltle to expend high-grade fuel on such 
a process, oven if the economic difficulties could bo overcome. 

Incidental to the production of nitric .acid, a large excess 
of heat is developed in the arc, wliich can be, and is in part, 
converted into steam, wliich is used to some extent for con¬ 
centrating the weak nitric "acid obtained in the absorption 
towers to the strong acid required for munition works. The 
excess of steam is so large that nianj' other mclhods for its 
application have also been devised. 'Pho labour costs are 
low, since u'hon once under way the operation goes on almost 
automatically, 'Plie formation of nitric acid is direct and 
involves only the nitrogen and oxygen of the air,,-,and water, 
as raw mati'rials; no complicated processi's involving inter¬ 
mediate jiroducts are nccessai'y, as is the case with the cyana- 
raido proce,ss. 

in .spite of these manifest advantages, however, it appears 
to have been the general opinion of Kurojiean engineers that 
oven with the cheap power enjoyed by the Norwegian plants 
they might have had to discontinue their operations except 
for the stimulus given by the wa.'. Even as it is, the Norsk 
Hydro Company, operating the are plants at Notodden and 
Rjukan. were obliged to install large cyanamide ammonia 
plants in order that they might convert their nitric acid to 
ammonium nitrate, and thus render it transportable to markets 
where it was needed. 

In a Report on “ Nitrogen Eixatioii in the U.8.A.,” issued 
in 191(i, it is stated that “The cost of power used for the 
production of nitric acid in Norway is less than $5-00 per 
h.p.-year. The best estimixtes indicate that with power at 
Sit) per h.p.-year the cost of finished strong nitric acid at 
the plant would be as cheap as by any other process now in 
operation. . . . The cost of installing the arc process is high. 
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economically. Recent very large increases in the price of coal, 
chiefly but not entirel}^ owing to higher labour costs (p. 192), 
have made this figure of £3-7r> impossible. In any case, since 
only .T per cent, of tlie electrical energy is actually utilised in 
the arc process in performing electrochemical work (fixation 
of nitrogen), the remaining 93 per cent, appe.aring as sensible 
heat in the gas. which is Largely wasted on cooling, it would 
appear highly undesirable to expend high-grade fuel on such 
a'process, oven if the economic diniculties could be ov’orcome. 

Incidental to the production of nitric ,aeid. a large excess 
of heat is developed in the arc. which can be. and is in part, 
convert<!d into steam, which is used to some extent for con¬ 
centrating the weak nitric acid obtained in the absorption 
towers to the strong acid required for munition works. The 
excess of steam is so large that many other methods for its 
application have also been devised. The labour costs are- 
low, since when onc(‘ under way the operation goe.s on almost 
automatic.ally. d’ho formation of nitric acid is direct and 
involves only the nitrogen and oxygen of the air..,and water, 
as raw materials: no comjjlicated processes involving inter¬ 
mediate products Jiro necessary, as is the case with the cyana- 
mido process. 

In spite of these manifest ad\'antages. however, it appoar.s 
to have been the general o])inion of Kuropean engineers that 
ev'en with the eliea.p ])ower enjoyed by the Norwegian plants 
they might have had to discontinue their op(w.ations except 
for the stimtdu.s given by llu' war. Even as it i.s, the Nor.sk 
Hydro Company, operating the are plants at Notoddon and 
Rjukan. were obliged to install large eyanamide ammonia 
plants in order that they might convert their nitric acid to 
ammonium nitrate, and t hus render it transjtortable to markets 
where it was nec'ded. 

In a Report on “ Nitrogen Fix.ation in the U.S.A.,” issued 
in 1910, it is stated that “The cost of power used for the 
production of nitric acid in Norway is less than Sf>'99 per 
h.p.-year. The best estimates indicate that with power at 
,?10 per h.p.-year the cost of finished strong nitric acid at 
the plant would be as cheap as by any other process now in 
operation. . . . The cost of installing the arc process ia high. 
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and it involves the use of an amount of power that is not 
available on the American continent within reach of the 
points where the nitric acid would have to be used.” 

Nitric acid is m^t economically tran.sportable. As strong 
nitric acid it can be transported only if tank cars made of 
aluminium can be obtigned, and alnrainiuin is a metal that, 
for this purpose, has many disadvantage's besides cost. 'I'ho 
nitric acid might be transported mixed with sulphuric acid iu 
iron tank cars, but tliis involves the erection of largo sulphuric 
acid factories near to the nitric acid plant Jind a large addition 
in freight rates. Freight rates on sucli nitric acid as is trans¬ 
ported are very high, and must ah^ays remain high, on account 
of the dangers involved. 

Nitric acid does not readily lend itself to the production of 
fertiliser material, although it ma.y be neutra.lised with lime 
to form calcium nitrate or with ammonia to form ammonium 
nitrate—both of whi(di may be transported and either of 
which might be used as a fertiliser. 

‘‘The grc^it difficulty that has faced the Xorw('gian plants 
from the beginning—namely, a market for their jn'oducts 
woidd in peace-times lie a serious obstacle to the ()i)eration of 
a largo arc plant in the Fnitcd Slates. An arc plant at its 
iiest involves the use of h.p.-years ]>er ton of weak nitric 
acid. This means that a water-power development of at least 
.aU.OOO horse-power would bt; necc.ssary for the ])eace require¬ 
ments of the Government, and a development of -lto,(i00 horse¬ 
power would be rcqinrcd for war purposes, 'these figures are 
minimum figures on the basi.s cjf the, relatively high etiiciency 
reached in Norway. No installation should be considered by 
the Government of less than Tu.ttod horse power for pi^aco 
requirements, or 550,1)00 horse power for war requirements. If 
the arc process is to be u.sed it. would also be advisable tb 
arrange for the production of explosives at the point where 
the arc plant was located. This would, of course, involve tho 
transport of all other raw materials needed, such as benzol, 
toluol,.alcohol, acetone, glycerine, sulphuric acid, cotton, and 
other materials too numerous to mention, to the plant, and 
the transport of the finished explosives therefrom to the place 
of consumption. As these materials are highly combustible 
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and for tho most part carry high freight rates, it lias been found 
necessary the world over to locate the plants intended for 
the production of munitions near to the point where tho 
mumtioiis are likely to be consumed.’’ ' 

“ An arc plant of suliieient size to me(d tho requirements of 
the Government in I ime of war would probalily ha ve to remain 
idle for tho main part during times of |)(sice, owing to the 
(lifficully of dis])f)sing of the nitric acid that tlie plant would 
produce it in op(a'af ion. On account of the large amount of 
power required and the conse((uent e.vtent of tho necessary 
plant and tower absorption (aipacity, the cost of installing an 
arc plant to meet tlu' war t,inie requii-ements of the Govern¬ 
ment would 1)0 .several times the total approj)riation made for 
the 2)urposo by (‘ongress.’’ 

“ Aov.vNTAans. 

“ I. Cheapest co.st of nitric acid* if ]))iwer can be obtained 
at SIO Jicr h.)).-y<'a.r or less, and if the power is ellieienfiy 
utilised in a largo ])la.nt run eont inuoiisly to caj)aei'ty. 

“ 2. Largo ainoiinl of waste heat available for producing 
steam for tho concentration of nitric acid and for other 
l)urposos, 

“ 3. ]'’ree raw' material. 

“ 4. Direct [U'oduetion of nitric acid without intorniediato 
products. 

“ 5, Small amount of labour inyolved." 

*' DlSAnVANTAGKS. 

“ 1. Ijarge amount of horse ])ower required j)er ton of nitric 
acid • at least fi0ll,0lt0 horse.i)ower for the Government 
requirements. 

*“ 2. Greater dilution of nitric acid when first produced -- 
3tl to 3a ))er cent, acid as against 50 to 55 j)er cent, acid by 
other processes. 

“ 3, Large cost of installation both for power and for plant 
—probably four times the present Government ajjprbirriation 
to meet the Government's war-time requirements. 

* This does not mean that it is tho choaix'st form of combined nitrogen for 
fertiliser purposesj 
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“ 4, Threo-fonrtlis of plant probably iillo in tinu' of ppaco, 
with consequent large idle investment involved, 

“ 5. Non-transportability of the nitric acid produced. 

“ fi. Hifiiculties of disposing of the nitric acid not needed 
for munitions,” 

The Norwegian Arc Industry. 

The following details of tin; Norwegian are industry a»e 
taken from a jiamphiet, ” Nitra.t(^ de Norvege. son emploi ” 
(4th edition. Paris. ItMIt), issued by the Soeiete norvegienne 
de I azote. Christiania, Nbauay. The ])ouer emplovtal at 
Notodden. the-lirst f.-ietory eic-Ipd using the Ilirkeland k'.ydc^ 
process, is ari.ooo h.p. 'the lirst large- works at. Itjukan uses 
120,00(1 h.p.. and the seiaind Itjuk.aii works uses I l.a.OOO h.j). 
'I'he group of works, using .'loo,000 h.|).. is iu operation night 
and day. In addition to tliese tiire(^ Norwegian factories, 
there is a faelory at Pierrr-titfe. in tlie Freiieli I’yrenees, and 
a similar works on the Sjainisli side, wilieli is not aetiudly in 
operation, * 

The main prodiiet, for agrieidlnr.-d inirposes, is caleinm 
nitrate, d'iiis is free from [)ercidori(t(‘,s and ofhi-r injurious 
materiids whieli are se.id to l)e present in souk- deliveries of 
Chile nitrate, tt is sold in wooden liarrcis, liolding lOO kilo- 
gnunmes of ni(rat(,‘, cipiiN;denl, to l.'i kilogrammes of iix('d 
nitrogen. 'I'he contents are in tlie form of small grains, grey 
or brown in colour, ready for immediate application. The 
(litferoneo in colour depends solely on the different varietic.s 
of limestone us('d in tlie neniralisaf ion of tin- nitric acid. The 
salt is odourle,s.s, and can replace Chile nitrate weight for 
weight for the same purposes, ft is mai-to.xie, and is perfectly 
stable. It docs not lose fi.ved nilrogeii on keeping. 'I’he 
material can ho kept iudclinitely in the elosed barrels. If jiUrt 
of the contents of the barrel are used? the rest may he kejit 
without change by covering wil h a layer of dry ashes or pla.ster, 
and covering the barrel. The material is hygnjseopie and 
rapidly ■ attracts moisture. This is an objection, and the 
package should not bo opened until the contents are to be 
used. In contact with the skin in wet weather, the salt may 
cause iiTitation. This may he avoided by washing in plenty 
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of water. The salt is being made in a new .form, free from 
fine powder, which very much reduces the danger of formation 
of dnst. 

'I'he three Norwegian works are situated in the province of 
Tcilcmarkon. Thi^ Riid<an Fall lias a height of 100 metres, 
and forms part of a scries of cascades with a total fall <jf 
560 metres. When tln^ power is comj)letely harnessed it will 
! 1 ,monnt to 250,000 h.p. at Rjnkan. The water is collected 
from tlu^ River Maana. and is dammed at .Moesvand by a 
barrage. The water from tlu^ lake j)a,sses through a tnnncl 
of 26 s(|uare metres cross section and 4 kilometres lung, cut 
in the rock, and ending in a hug(! water- house. . From this ten 

f 

steel conduits, 2 metres in diameter, carry the water at the 
rate of 50 cubic metres [)er second to the groups of turbines 
in th('. ehictrical gimerating station. 'I'hese conduits run down 
tins sid(! of a steep mountain to the power-house. 

'I'lio power-hon.se at- Rjukan is I 10 metres long and 20 metres 
wiile. it contains ten turbines of I l, 5 oo Ji.p. each. The 
electrical generators are couphsl directly to the tuFoines. 

The products ai'e trans[)orted from Rjukan to Notodden. 
•t7 kilometres by ra.ilw.iy. which is electi'ilied. .'ll kilometres 
by steamers, on which the ti'iicks a-re run directly, as in the 
steam ferry whi(di plies betweeji Germajiy and Sweden; and 
then arrive at Notodden. Fi'oin this the materials are shiirped 
to all parts of the wurld. The l■('a.l poi't and wa.ndiouses are 
at Skien, near Notodden. Ski(m is about midway betwiam 
('iiristiansand and ('hristi.ania-. 

.\ description of the works at- Notodden and Rjukan is given 
in 'ihorpe’s "Dictionary of .-Virplied t'hemistry,” in the new 
article on the “ Utilisation of Atmospheric Nitrogen.” Wo 
shall here give a description of the newest works owned by the 
company, at Pierrelitte, in the French Pyrenees. 

The Pierrelitte (Pyrenees) Works of the Soci6t6 
Norv6gienne de I’Azote. 

'I’his w'orks consumes an average of 8.600 kilowatts, and the 
production of nitric acid is about 4,000 metric tons of nitric 
acid (100 per cent.) per annum, the production being about 
10 to 11 tons per day. The power is brought from an adjoin- 
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ing power-8tati(^ii owned by the Midi Railway Compaiiy, of 
ETance, and \ve\gathcrcd that the price paid was about 2(is. 
per kilowatt-year. It is propos('d to erect an independent 
station for the works. 

The existing power slat ion was enstled for llie jnirjaiSe of 
electrifying a eonskhaable jairtioji of the railway line in the 
vicinity. It was found, liowcver, tliaf I he iuduetioii Iroin the 
cables interfered very eonsiderably with the telegraph .servie.e, 
and the sclienie was prohibileil by tlu^ State, tif the si.x 
generators installed, only one is used for electrifying the bno 
between fjourdes and t'.-iulcrets. .Vuother sii|)plies powc-r to 
the silico-inanganese works a! I’iciTelllle, where an alloy is 
produced from manga-ni'se silicate iiuporlecl I'roin Spain. The 
remaining four generators aia^ utilised by the I’hnTelilte Are 
Works. T'he water is taken from two hikes, one situated at 
Cauterets, at an altilmhi of 2 S 0 metres, and the otiua’ at, Euz 
Saint-Sauveur, at an allitndi^ of bin metres, it is eonduit,ed 
through si.x Humes running down llie I’ie de Soulom, tliri'c to 
each lake,‘*2 feet and I feet in diameter from llie places in 
the order slated. 'I lie Idgli-pressure wati'r passes to I’elton 
wlicels, and tlie low pres.sure to lurliines, in eaidi ea.se coupled 
directly to the alternators, d he alternators operating on the 
high ])re.ssurc are two bv \\ estinghouse lulilised by the arc 
faetorv) and oni' by an .Alsatian company of llelloit {utilised 
by the railw'av). I lie alternators operat ing on t lie low jiressurc 
are Erench Thomson-lloiistoii maehiiies, two used by the arc 
company and one by the silicon iiianganesc eoni|iaiiy. These 
d'homson-Hoiistoii inaihincs are d-jdiase riO-i’ycle, giving 
9,500 volts at terminals and 152 aiiiperes |ier piiase (t.dOO kilo¬ 
watts). The ])articulars of tin- otlier types ol niaeliines were 
not taken, but were of mmdi the same order, I he railway 
current is transformed to (iii.ono volts, which is stejiped down 
to 10,000 volts at Lourdes. 

The eiirrent is siipjilied to the are wurks liy underground 
cables direct at 10,000 volts, a portion being stepped down 
at thq works by transformers to .'tSo volts, tor lighting purposes. 
The choking coils in connection with the furnaces are water- 
cooled lead coils immersed in oil. and having an iron core. 
These are provided with an automatic thermometer, operating 



248 


THE NITROGEN INDUSTRY 


at 50° to 60°, at which temperature the cuj’rent is cut off. 
'I'lic power losses in the ehoking coils were stated to be less 
than 1 per cent, 'riic co])pcr spirals without iron cores, as 
used at Notoddcn, have been abandoned. ‘ 

The farnacc-wom contains four of tlie newest type of Birke- 
land-Eyde furnaces, about 10 feet in^diaineter, operating on 
single phase, up to 4,000 kilow.atts. Three of these are in use 
fjnd one is in reserve. I'he j)hases are interchangeable, one 
electrode being earthed. 'I'lie furnaces are built of bricks and 
lined with a .special Norwegian stone. There is a lenticular 
cavity containing the electrodes, one wall of which is perforated 
by holes for the admission of the air, which is sucked through 
the furnaces, and after passing through the arc leaves at the 
bottom of the furnace through a curved oval pipe about 2 feet 
in longest diameter and I foot in shorti'st diameter. 'I'liis pipe 
is lined with resisting brick, and connects with the main Hue 
carrying the gases to the boilers. 'I'his main is aViout o feet 
in diameter, and is lined with l•esisting brick 18 inches thick. 
The gases leave the furnaces at about ('. • 

The volume of air aspirated is about 5,nun cuoic metres per 
furnace per hour, and the jiercentage of Nt) in the gas is T5 to 
2 per cent. The air is ilniirn through the whole system by 
two fans in scries placed after the alkali-absorption tower. 
Another fan is kept in reserve. It was found more economical 
to use two fans in series working at a lower speed than one 
fan working at a high speed. Each fan takes about 1(K» h.jD. 
'J’ho drop in pressure inside the furnace was about 11 inches 
of water. 

The electrodes are ID-shaped copper tubes, water cooled, 
about 1 inch in diameter, separated by a distance of about 

inch. The position of the electrodes can bo regulated by 
screws outside the furnace. The arc is dcilcctcd by a large 
electromagnet placed ,'n a cavity- on the side of the furnace 
through which the air is drawn. Current for these magnets 
is obtained from a rotary converter. The average life of an 
electrode is from three to four weeks. The furnaces emit a 
deep roaring note, which, however, is not unpleasant. 

The gases in the mains leading from the furnaces enter at 
about 980° C. into two Babcock boilers, each having about 
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300 square motoes of heating surface, and provided with super¬ 
heaters and economisers. A considerable amount of steam 
is blown oir to waste after all requirements are satisfied. The 
W'atcr from supply is very hard and is softened before use. 
After passing through the boiler iirebo.xes, the gases leave at 
about 250° tb to the coolers. 

The coolers are placed in the open air, and arc four in number, 
consisting of a battery (jf iron tubes contained in a vertical 
tank through which water flows. 

The gases then jiass to an o.xidaf.ion tower, which is con¬ 
structed of sheet iron, and is of sullicient volume to give one 
minute's contact for the gases. 'I’bc tenij)eraturc o.'’ c.\it from 
this tower is 50° C. ’ 

'I'hc droj) in pressure in the coohii's is about 40 mm. of 
water, and in the o.vidation tower is 5 mm. 

'J'lie gasc.s then enter the iibsorplion loircrs, which arc four 
in number, constructed of slabs of Norwegian granite, clamped 
by sixty-onc iron hands. Attempts were made to use the local 
granite, but this was found nnsuitaljle, owing to a tendency 
to disintegrate. The Iowcj's are ten sided in horizontal 
section; 20'!)25 metres liigli insi<le. and 7-3 metres external 
diameter (uniforjn). 'I'he thiekiwss varies from 350 mm. at 
the bottom to about (jno-third tlie way up the tower, and then 
diminishes in steps, .300, 25o, and 2(M» mm, 'J’liey are mounted 
on concrete ])iers, all joints hi-ing aecessilileand visible. There 
was no noticeable leakagm The packing consists of pieces of 
Norwegian quartz about the sizi- of a walnut, the local material 
being again unsuitable, owing to its iron content. The towers 
are completely packed, and there is very little free space. 

The gases enter at the bottom of the first tower, and alter¬ 
nately at the top and bottom of the successive towers. 

The acid is circulated in cacti tower liy one c.omjiresseil-air 
montejus, which is constructed of iron lined with acid-resisting 
Btonewarc, and having a cajiacity of 400 litres. The circula¬ 
tion is intennittent, the montejus being emptied every two to 
three minutes. There was one 4-inch stoneware pipe to each 
tower with “ Almagam ” rubber joints, for circulation in that 
tower, and one similar pipe for transferring acid from the 
next later tower in the series. The circulation works out at 
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about ] 0,000 litres of acid per hour. It is proposed, if possible, 
to replace the moiitejus by centrifugal Tantiron pump.s. The 
dome of the tower is in sections, jointed together with blue 
asliestos covered with tar, • 

The acid flows from each tower into a largo granite tank, with 
an aluminium cover, from which it is taken to th(! montejus. 

d’he strength of acid withdrawn from the fir.st tower for use 
is^about 30 per cent., but (his can bo raisctl to 52 per cent, 
by slower circulation. Tlu! strength.s of acid in the other 
towers are usually 20 j)er cent., lo per cent., and 5 per cent, 
respectively. The time of jKissage of the gas in each tower is 
about oiu^ minute. 

.After halving the water-absorption towers (he gases enter 
an alkali absor[)tion tower made of sheet iron, and about the 
same size as the water tow(>rs, and also paidccd with (piartz. 
Through this is pas.sed a solution of soilium carrlainate. The 
sodium carlxmate contains about 2 per cent, of caustic soda, 
and is convertial to sodium nitrite. 

'I'he strength of sodium nitrite solution withdrawif from the 
tow(U‘ may h(^ as high ,is .30 per cent. 

Th(^ dro]) in pressure (hrongdi thi' .-ihsorption Systran is as 
follows: 


I st water tower 

2nd 

.3rd 

4th ,, 

.Alkali tower 


I 2,‘) mm. water. 
150 ,, 

100 
150 ,, 

130 ,, 


'I'he time of pas,sage? of the gases through the whole system 
is live to si.v minutes. 'I'he gases then pass to the fans and 
the exit to the open air. 'I’his exit, when we visited the works, 
was quite visibly red. 'I’his was on a very wet day, but it was 
stated that on a very dry day the eniiient was barely visible. 

It was stated that tjie over-all absorption amounted to 
9() to 97 per cent, of the oxidiserl nitrogen k'aving the furnace, 
•90 per cent, being lecovered as nitric aeitl and the remainder 
as sodium nitrate. ('I’he sodium nitrate figure refers to .the 
treatment of the product of absorption in the alkali tower 
with dilute nitric acid, followed by passage of the evolv'ed 
oxides of nitrogen through the absorption system.) 
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The yidd itipkoncd on nitric acid and sodium nitrate made, 
compared witn power entering the factory and used for all 
purposes, was stated to be "loit kilogrammes HNOj per kilo¬ 
watt-year. • 

If this is referred to {)owcr measured at the switelilioard 
aiid used solely for the ojieration of flic furnaces, (be yield is 
increased to about utio kilogrammes ILNO,, per kilowatt-year. 
This works out to about ti.'l gramnu's lh\0., |)er kilowatt-hour 
(S,7t)0 hours [ler year). 

Conce.iilriilion. The liu ])er la'iit. acid from the towers is 
pumped to a reservoir, from ubieb it deseei.ds four granite 
towers It) feet irr diameter and about aO feel nigh, lined with 
aeid-resistiiig brick and paekeil with bi'okeii (piait/,. Mere it 
meets steam from weak acid eoneeiiliatiiig plant, receiving a 
preliminary eoneentration. This acid al.so receives a pre¬ 
heating betoi'i' entering the towers by means of waste steam 
from another seetioji of (he plant. 

The eoneeiitrater propel- eoiisl.-^ts of four steam jacketed 
tubes of *rautiron, eoiineeted with a hi II shaped eateb all; 
steamat .Skibigramiiies per s(|nare i-entimetre pi'e.ssnre is pa.ssed 
llirougb the jackets and evapoiatioii is el'feeted iilider onliiiaiy 
|iressui'e. I'.aeb lower is eoiiiieeled with a liatlei'y ol four of 
these coueeniralei's (a,,, sixleen steam jacketed lubes in all. 
In this ajiparatus t lie acid is broiiglit ii|i to lio per cent. si reiigl b, 
(U'lieii .seen by ns Ibis pbinl was eoiieeiiiraliiig sodium nitrate 
solution.) This lio per i-eiil. acid is eolleeted in four granite 
reservoirs, and is piiiiiped’to a single reservoir |ilaeed at the 
top of the liliildiiig. wlieiiee it Hows into two glaiiile lowers 
(octagonal) about s feet in ilia,meter and do feet liigli (with 
one as reserve). Into the same tower is niii eoneeiitrated 
sulphuric acid (SO per cent.) from a, tank alongside the tin per 
cent, nitric-aciil tank. Ailrie acid of ifO lo 97 per cent, .strength 
is distilled over, and is eoiidensed iiia(iimiiiiiim S jiijies placed 
between the two towers. 

This acid is then si-iit down a small granite tower tliroiigli 
which a current of eonijiressed air is |iassed to remove the 
oxides of nitrogen. The diluted sulphuric acid (Oo to liri per 
cent.) is reconeentrated in a plant similar to that used for 
making 6tJ per cent, nitric acid, except that it is worked under 
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vacuum. The vacuum is maintained i)y a vertical fall pipe 
and condensing jet. 

Sodinm nilralc i.s made in two way.s: 

(1) Treating tower acid witli sodium citrbonato, the CO, 
being removed, together with some oxides of nitrogen, by fans. 

(2) Treating nitrite solution from alkali tower with tower 
acid in a granite tank with an aluminium cover, the evolved 
oxides of nitrogen being aspirated back into the absorption 
system. 

d’ho nodium iiilrilc. is also comaMitrated in an aj)paratus 
similar to that described, the linal operation being elTeoted in 
five pans about 5 feet by 2o h'ct by 2 feet,, heated with steam 
coils. Both salts are ilried in centrifuges and bagged. 

iiitrnh- is mad(' by neutralising tow'cr acid with 
amimmia solution sent in iron drums from Bassens, each drum 
holding about 30 gallons. The solution is concentrated in a 
Tantin.in apparatus, being ke])t faintly alkaline, and the salt is 
crystallised in an aluminium rotor about 3 feel in diameter and 
20 feet long, which is cooled by a, shower of water on tiieoulside. 

A mineral called ".stealib;” fr<im Norway is used us an 
acid and heat resistant and an insulator. It is said to havi; 
the same composition as talc, but is harder. 

On the occasion of our visit a,ltcmpls were, being made to 
manufacture calcium nitrate from local limestone, said t(.) be 
of 05 per cent. ]iurity. 

The absorption in the towers was very little affected by the 
seasonal temperature extremes at i’ierretitte, and consoiiuently 
great dilhcultics would not be met wdth in this direction in a 
warm climate. A 10-metre fall of water of large capacity 
would 1)0 of practical utility. 

This works at Bicrretitte w'as erected in six months, the 
French oificial estimate being two years. 

EsTOiATt: or I’iioduction Co.sw. 


Cost of power ORtiiii.'xtrd at 20s. jK^rkilowatt-yciir, £ s. d. 

tlicivforc cost of power por I ton tf .\()., .. 2 0 0 (about). 

Labour charges (say 20 meu at 53. per day) .. 0 fO 0 [wr tou HN0„. 

Staff charges, etc. .. .. .. .. .. 0 10 0 „ ,, 

Concentration costs .. .. .. ., 2 0 0 ,, ,, 

Extras, etc. . 10 0 „ „ 


Total .. 


£6 0 0 
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The strong lyiid is sent out in strong earthenware bottles, 
holding about 30 gallons; aluminium vessels had shown them¬ 
selves very unsatisfactory. 

t 

The “ Nitrum ” Arc Process. 

In a recent improvement of the are process a mixture of 
equal volumes of nitrogen and oxyge-n (“enriched air’’) is 
circulated through the are furnace, coolers, and absorption 
plant as a closed eyele. 'I’he percentage conversion in the are 
wonhl bo somewhat higher in this case, since' tli<‘ oxygen and 
nitrogen are in the exact proportions in which 'hey combine! 
te)gether tee fejrm nitric eexiele-. einel the e'heince eef ceillision e;if 
an ee.xygcu anel nitreigen meile'e iile at thee high teemperaturc eef 
the ace is therefeere higher them when an exce'ss e>f nitreigen is 
present. 'Pho chief gain, heiwe'ver, weniiel sce'in to be in the 
much enhanceel rate eif oxiehitiem anel abseirptiem eif the gases 
in presence ejf an excess eif oxyge'ti. sei tliat the. very ceistly 
granite towers nseel in the' tre'atmenf: eif the gase'S for the prei- 
dnetion e/f dilute' nitric ae'iel are gre'atly re'elnce'el in size. It 
woiilel preiliahly hei e'xcn belte'r tei usee an e-xcess of eixyge-n over 
the I'epial rafiei N. : ()„, since', altheingh the' rate of eeim- 
iiination eif the gases in the' are' woulel be .again somewhat 
Irednccel, this wonhl be far nieire than e'omjiensati'd by the 
rapidity eif ahseirption eif the resulting gases. It must be 
emphasised that, next to the' e'ost eif ge'iie'ratiein of energy, the 
capittil cost eif the teiwe'rs anel abseirptiem jilant is the main 
factor in the economics eif thei eire; prejeee'ss. A few tenths of a 
per cent., nr oven one or Iwei units jier cent., in the eflie:iency 
of the furnace itself is a small matter in eeimparisem with the 
cost of the treatment eif the gase's after the'y have left the 
furnace. 

The preiccss utilises the e'lce'tric arei feir the eixidation of 
atmospheric nitreigen, but elilfe'is fi’enn e'sfahlishe'ei practice in 
one or two important respects. Firstly, the gases supplied 
to the furnaces are cnrielu'el with oxygen to a content of 
.'lO per cent.; secemdly, the' geise'S eirenlate in a closed system, 
so that only sei much oxygen has to be supplieel as is actually 
used in the formation of the final jiroducts; thirdly, the absorp¬ 
tion system is said to be of special design, and to bo of much 
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smaller dimensions than usual, owing to thp high oxygen 
content of the gases; and fourthly, cooling is'applied to the 
gases and liquid circulating in the absorption system. 

'J’hc gase.s supi)lied to tlio furnaces are dried by refrigeration 
before being acted upon by the electric arc. The nitrogen is 
obtained from tlie air, and is enriched with o.xygen to main¬ 
tain an average concentration of 50 per cent. The gases are 
circulated throughout tlio plant in an enclosed system, and 
only suflicient fresh oxygon is added to replace that consumed 
in the formation of nitrogen dioxide and nitric acid. A 
portion of the gas, liowever, is vented from time to time to 
prevent tlio accumulation of argon, and the oxygen content 
is allowed to ri.se to about .52 per cent. About 1 cubi(! metre 
of mixed gas is supplied per liour f(jr cacli kilowatt capacity 
of the individual furnaces. This rate of How is less than average 
practice on account of the enrichment, 'the gas leaving the 
furnaces is stated to bo at a temperature i>f some l,,5nd° C. 
(measured by Seger cones), and contains 2-5 to 3 per cent, 
of nitric oxid(\ The arrangements for cooling the gases are 
secret, but the temperature i.s ki'pl; in the region of 0° (1. in 
all the absorption towers. The steam raised by the heat 
contained in the gases leaving the furnaces is sufficient for 
evaporation purposes, for geuer,sting ])ower for the refrigera¬ 
tion and oxygen plants, and for the auxiliary services. 

Oxygen Plant. • It is said to be most economical to make 
commercial oxygen of 13 per cent, purity; it would not pay 
to make jjure nitrogen as well for cyanamide. A Linde unit 
makes about 1.000 cubic nudres of oxygon per hour at a cost 
of about 3 centimes per cubic metro; the working cost is about 
1 centime per cubic metre. The cost of the oxygen plant 
amounts to about to per cent, of the whole. 

Electric Equipment. —The process requires inductances of 
considerable magnitude in series with i^he furnaces, and three 
arcs are put together to obtain the llame. The power factor 
of the furnaees is raised from O-o to 0-7 by the use of syn¬ 
chronous motors, and these ])ower factor correctors have, to 
bo of considerable capacity. 'I’ho inductance costs about three 
times as much as the furnace, and an expensive step-up 
transformer is necessary for each S-phase unit. 
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The Furnaces.— Special 3-phase furnaces arc used, whicli 
are said to be cdually eflicient over the range of ca.])acity from 
400 to 3,000 kilowatts. No niagnelsare used. 'J’lirce Ihousand 
kilowatt furnaces*ju’o actually in operation, and no dilliculty 
is anticipated in the working of larger units- say of 4,nii0 to 
5,(Mt0 kilowatts capacity. The power factor of the furnaces 
is (t-6, and about I iif 1 is ke|it in reserve. Overheating is 
avoided by the method of eireidation of tlie gases, and there 
has been no trouble with the refnietorv material, whidh 
consi.sts of Dinas rock. 

T’lio furnaces are easy to st.art up and to Oij). and it eymi 
pays to operat(! for one hour only. 

The Electrodes are formed of S])ecial electric steel and are 
water-cooled, the iron not being found delrijnental to the 
process. K.ach electrode will last, seventy-two working hours, 
and can be changed in si.v hours. Work on the electrode.s 
can be started within thirty minutes of shutting down, the 
furnace being cooled by a blast of c(]ld air 

Absorption.—Water absorption aloni^ is us(‘d, no alkali 
toners being necessary. Tln^ .ab.sorption towers are of secret 
and special design, in which tt."> per cent, of the ll.ved nilT’Ogen 
is said to he recovered, (ireat reduction in gross s])aee. is said 
,to be obtained, due to — 

(i.) The enrichment of the ga,ses with o.vygen. 

(ii.) 'I'ho cooling of the gases ,an<l the circidating liipdd. 
(iii.) Special .secret devices (!), 

The gases and circulating li(|uid are coohal to tin' neighhnur- 
hood of 0^ I', in all the towers, and it is said that a L’aO-h.p. 
refrigerating machine will account tor 1 million cal. The 
cooling system is said to be indejn-ndent of e.'itrenics in external 
temperature. Tin; cost of the absorption system amounts to 
about It) per cent, of the whoh;. 

Products. - Sixty-two })er eeid. nitr*; acid is obtained from 
the towers. A similar system without the use of oxygen or 
cooling would give 4.6 per cent, iicid, and only 86 per cent, of 
the fixed nitrogen would he recovered. The jirocess is capable 
of making a dry nitrate of lime containing Hi per cent, of 
nitrogen as a maximum, and the product is said to be less 
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hygroscopic than usual. One kilogramme of nitrogen as final 
packed product is said to require the expenditure of 16-6 to 
17 kilowatt-hours. 'I'hiri iron drums may be used for packing. 

Yield. - This is .said to amount to 7i) to 75 gfammes calculated 
as pueo UNO, obtained as (12 j)er cent, acid per kilowatt-hour, 
the energy being measured at the furnaces. 

Existing Installations. 'I'he pro(a‘.ss (iescrihed is worked by 
the “ Nitrum ('omj)ii.ny ” of Switzerliind. , 

' 1. Hodio. Sirilz/’.rlavd. - ■ The factory has been oj)erating since 
1910, and utilises O.Oon kilowatts fur the manufacture of nitric 
acid, sodium nitrate, and sodium nitrite. For making nitrate 
of lime the nitric aci(l must In; diluted to 50 to 55 per cent, 
strength. The loss in neutntlisation is said to be negligible. 
Experiments have also been conducted on liquefa(;tion pro¬ 
cesses for the rmnoval of nitrogen dioxide from the gases. 
The liquid is stored in metal drums, sometimes of aluminium, 
holding as much as SO tons of the liquid. Tr.ansjiort is effeeted 
in tank wagons holding I 5,ono kilogrammes, 'i’he neeessary 
refrigeration is (ifeelcd by means of I ho cold nitrpgen from 
the liquid-air plant, and it is easy to obtain 70 to 75 per cent, 
nitric acid directly from the li(iuid, when pure oxygen is used 
in eonjunction. This factory was d('sti'oyed by explosion in 
the summer of 1921. , 

2, Lauffe.nhnrg. (Ir.nnavtj .—A lieence was granted in 191(1' 
for a factory utilising 15,000 kilowatts. Fower is generated at 
0,000 volts, and transtf)rincrs raise this to 12,000 to 18,000 
volts. Three thousand kilowatt 'furnaces are in operation, 
and tlio |)ower is used for fixation jiurjio.ses during tlie niglit. 

Tills factory works more economically tlian (lie one at 
Bodio, 1 kilogr.amme of nitrogen fixed as (12 per cent, nitric 
acid costing I franc 20 centimes, witli power at just under 1 een- 
time per kilowatt-liour. 

(Seventy gramines RNtf, are olilaincd per kilowatt-hour, 
witli tlie energy measured at tlie furnaces or switciiboard. Tho 
nitric acid is said to he dicajicr tlian tliat made liy tlio Haber 
process. 

.7. Schornmdtz, near Mcri^rhiirg .—A CO.OOO-kilowattinst'alia- 
tion was erected hero, Init was lilown up, Tho explosions in 
factories (1) and (3) seem to liave been caused by leakage of 
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combustible liquids, used for refrigeration, into the nitrogen 
dioxide produced by the process. 

Economics. —The difference in cost, with and without the use 
of oxygen, amount* to about 70 centimes per kilogramme of 
nitrogen at Bodio (li-o to :i-2 franes). W ith tlie same 8ost, 
about 20 per cent. iiKue nitrogen is fiNod by one method 
than by the other. The nioro e.vpensive tlie energy, the more 
it pays to use oxygen. 

The Schloesing Process. 

An alternative method of al)soi’})t.ion of th* arc furnace 
gases has been proposed by Prijfessor A. T. Schloesing. of Paris, 
and trials were made at the woAs at Notoddon. Although 
the process is not at pres(>nt in use, the information we have 
received from different soiiree.s leads us to conclude that the 
'method proved successful in so far a.s the absorption was con¬ 
cerned. The proees.s consists in the prolonged action of the 
somewhat cooled arc-furnace gas on specially prepared quick¬ 
lime, whcr(jt)y a basic nitrate of lime, suitable for use as a 
fertiliser, is ultimately obtain(;d. Tlu! objections to the process 
for Norwegian works are that coal is required for the prepara¬ 
tion of the lime, and that the operating costs are high. 

It appears that in the plant which ojicratcd at Notodden six 
chambers were at work, the tcmperatui-e in which reached 
340° to 35<i° C. This temperature i.s kept up by the heat 
contained in the entering gases, ami also by that evolved 
during the reaction. There is plenty of heat to .spare in a 
large installation. 

It wa.s stated that the quantity of oxides (jf nitrog(ui in the 
exit gases was negligible, and we have seen routine analysis 
sheets from Notodden, covering a period of several weeks, 
which showed “ 100 per cent, absorption. ' 

The time of contact of thp gases throughout the plant was two 
minutes, as against eight minutes in water-absorption towers. 
In a small plant the temperature of exit of the gases was 176°C. 

Professor Schloesing has emphasised the importance of 
employing dry ^ases, and for this reason the air is dried by 
passage through a tower down which sulphuric acid flows 
before entering the arc furnace. He stated that it was possible 

17 
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to got up to 16 to 17 per cent, of nitrogen fti the absorption 
product (pure CiifNOs)! requires 17-1 per 6 ent. N), but the 
u.siial figun; obtiiiucd under working conditions was in the 
luii^^bboui’liood of 14 ]>er cent, of nitrogen.* 

A very light liniestoiic i.s necessary for good absorption, 
and it was sl.atcd tliat (lu^ niaferial fjotn Dover. I'xiulogno, or 
Etiiples w.a.s very siiilaDle. W'e have ins|)ee(ed .sainple.s of 
.tht^ I'ltajiles variety, u liieh seemed a jnalerial of very suitable 
quality. 

The pre])aratiou of tiu' lime n'quires special attention, d'bo 
lime priq)aj’ecl by hurning the native material at a low tom- 
p(^ratur(! is slakeil and dehydrated, tiu' se(X)nd calcination 
Ixdng performeil ,it a low temperature. A linu^ which ha,s 
b('en ov(U'ealeim^d will regain its activity if reslaked and 
properly dehydrated. The material is pres.sed into j)a.stille 
form, and siieh p.istilles an' very aelivi^ towai’ds waiter, dis- 
integraling and hydr.iting almost. eNjilo.sively in contact with 
that liipiid. 

The. gases leave the are fiirmiee at ''"o'’ C. add enter the 
absorption system ,i,t .about loo " I'., .ind this drop in toinpera- 
tnre is u.sed to dehydrate the lime. Ao o.xidation chambers 
arc lixed between the .'ibsorption eluimber.s, since at the 
temperature used nilrogi'U peroxide does not e.xist. 

Professor .Si'hloesing is emphatic' Iba.t there was no loss of 
nitrogen in its elementary form (luring the ]irogress of the 
reaction which embodies the priueiphe of his jeroeess. 1811011 
a loss has been proved couelusively in our e.\|)erimenls under 
the conditions with which we worked nanu'ly, with the 
nitrous gases in such eoueeutratiou as is obtained from an 
ammonia o.xidalion coiiverter though we supjlort his con¬ 
tention that the jiroducl. could, under certain conditions, such 
as the length of time the absorption material was exposed to 
the gases, be obtained free from nitrite, ddie loss of nitrogen 
had also been ob.served by M.tlswald. Profe.ssor Schloesing 
states that ho had made similar experiments. He found no 
loss as elementary nitrogen, but the product contained nitrite, 
because the gas was not circulated. At the same time he 
admitti'd the ditliculty of analysis, and of obtaining an accurate 
figure for the total nitrogen in the system. 
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Later (unpublished) experiments by one of the authors 
(J. R. P.) and Mr. E. Whitworth liave confirmed Professor 
Schloesing’s results jn so far as they showed that luno prepared 
from Dover chalk in tlie special manner described absorbed 
dilute nitrous gases (I jier cent. XO) with formation of nitrate, 
and witiiout liberation of nitrogen. With ordiminj lime from 
the same source liberation of nitrogen was again ob.served. 

Economics of the Arc Process. 

The capital eo.st of I bo faclory for the are proee,s.s i.s high 
in comparison wilh that in most other nitrogen-fixation 
processes. The •Kiti'ogen l’roec'.w.;s (‘onirnitlee estimate the 
total capital outlay (pn' war) for a. I.irge se.alo factory for the 
production of (oiicc.iilniU'.il nitrii- acid to be £l7.S-5f per nudric 
ton of nitrogen li.xeil per annum, or nearly Iwiee the jire-war 
inarkiit value of tlu^ animal prodnet ion. Of this snni, the are 
furnace, alisorptioii, and eoneenlral ing plant would amount 
to about £!12, and the sti'am power seetion to about £S(1. 
They also eo’nsider tli.“ [lossible eo.st, of water jiower plant on 
a .site in the United Kingilom uhieb is regarded a.s snitahle for 
hydro-eleetrie development. Continnons power of over 2S,0l»t» 
kilowatts is estimated to be available, the estimated cost of 
development on the, basis of a .'lO per cent, increase on ])re-war 
contract prices being tilil per clfeetive kilowatt, inelnsivo of 
hydraulic works, water rights, land, power station, electrical 
equipment, and spare |)lant. , The estimated working l•oslB, 
inelnsivo of rejiairs. maintenanee, and de|ireeia,tion of power¬ 
house plant and other works at 7-.') ])er cent, per ammin, 
amorti.sation ami occasional repairs of liyilranlie works at I ]ier 
cent., and interest on capital at. the rate, of 1-.7 per cent, jicr 
annum, amount to [in- kilowatt-year of ,s,7t)it hours. 

On this basis eomparisoii is made with a iignre of p^r 
kilowatt-year for eleetricaf [lower derived from a large coal- 
fired steam plant, Imt as the latter figure is based on coal at 
.. a much lower price (7s. bd. per ton) tlian is now possible, it is 
evident that the hydro-electric installation would have the 
advantage if the-increase of 50 per cent, over pre-war costs is 
adequate. The Committee, in fact, expressed the opinion 

rUo* “ if ia imnrntin.lilfi f.liH.f fhis low tljoire t£tt't).‘t for livdro- 
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electric power) will be obtainable even by the best coal-fired 
power-station practice when regard is had to the future cost 
of coal.” 

j^ftor (sxainining various po.ssible methods of utilising 
by-products (<•■■<].. by Jiigli-teinperaturo carbonisation, or by 
the use of gas producers), tiie Coniinittee canu! vorj' definitely 
to tlu! conclusion that, of processes v’liich hud acliuiMy been 
'opertUml under hirge caib. co/iditioni<, direct coal-lired steam 
turbo generator plant was tlio one to be preferred if low cost 
of power were aimed at. Umler such conditions, for a power 
station having a ma.\'imum load of 100 ,000 kilowatts and an 
annual load factor of 10() pex- cent., the e.stimatcd cost upon 
a pre-will- basis, with coal at 7s. (id. per ton, would bo £3 8s. 
per kilowatt-year. 'I'his ligure rocpiires modification for 
increased labour and fuel charges. The estimate given by the 
(Committee is as giv(!n on p. 2()l. 

Since 8-41 kilowatt-years an; nspiired |)er metric ton of i 
nitrogim lixed by tin; arc pnxiess, the capital outlay for the 
steam-power station would amount to 8-41 x 26= £80-29 
(pre-war), as statcsl on p. 201. 

'I’lio above (jost may lx; compared with the capital costs of 
water-power devidopnient in known eases: 

(1) Norway (falls of great height; easy storage), £0 to £8 
lowest; moderate, £11 to £l.'>. 

(2) United States average (£23 to £30), ■£;*0. 

(3) Kiidochlcven (Scotlaiul),^.£31. 

Whilst improvements in design and construction may bo 
expected to diminish the capital cost of steam-power plant, 
the opposite may be (expected of water power as the most 
favourable sites become developed. 

The conversion of the above items (u) to (h) of capital cost 
to post-war conditions may easily bo e.ll'ected by adding on' 
the requisite j)er(-ent igc in each ease. The greatly increased 
costs under items (6), {d), and (e) will probably nearly double 
the final figure. 

The cost of generation of electrical energy by steam power 
is largely controlled by the price of coal. , The cost of fuel 
amounted, on the pre-war estimate, to 03 per cent, of the 
total costs. 
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Details of Station. 

Plant installffll at nonoal ratiiiK. 12.5,000 kilowatts. 

Ma.\ininm elloctivc load at normal ratim;, 100.000 kilowatts. 

30 boilers installed •.I,.500,000 pounds stoani |)or hour. 

24 boilers working !.1,200,000 ,, „ 

Size of turbo-alternators. 25,000 kilowatts e;ieh. 

Pre-Waii Catital (Vst "k l00.000-Kii,owATTa Staiton. 


Items. 

Total. 

Per 

K'tlounU 

hiffialled. 

Per , 
K ihnmtt 
M(hritnum. 


£ 

.L 

\ s 

(u) Uand for complete station 

2U.0UU 

0-10 

1 0-200 

(5) Buildings an<l foiuidalious, coal silos 
and transportfTS, railway sidijigs. 
roads, etc. .. 

I,S7,5(Mt 

i-rot 


(c) Coal tincl ash handling plant.. 

j 

0-24 

! o-:{oo 

(d) Boilers, su|X'rhoat<TS, ndicatcrs, feed 
heaters, mccluinical .stoker.'<, in¬ 
duced-draught plant, ehininoys, 
etc. .. 

i 22.5,01)0 

1-80 

2-2.50 

(e) Turbo-alternators and ••xeiOTs, sur¬ 
face coinibiisore, air [mmps, and 
auxiliaries .. 

;u2.5m» 

2-50 

3120 

(/) Stoani and water pijiing, circulating 
and food pumps, air pumps, 
strainers, eto. 

I 

7.5.01)0 

1 

o-)(o 1 

0-750 

(< 7 ) High and low tension Hwitchgc ir. 
reactances, otc. 

100,000 

0-80 ; 

1-(H)0 

(k) Kiigineering .supervision, inspection, 
contingencies, otc. 

70,0)10 

o-(io j 

0-7(i0 

'rotal .. 

£1,020.000 

£8-20 i 

£10-2110 


Tho annual workiot! (■.\|i('iikcs. oiulcr pre-war conditions, of 
a coal-lired powor-slation of Hio.ooo kilowatts maximum 
demand operating at load faetor.s of 05, 07-5. and KM) per cent, 
respcotivoly, are estitnated a.s in the folhjwing table by tho 
Nitrogen rroduet.s Commitlee on the folhiwing base.s: 

O 

Maximum load. IIM),0(I() kilowiittH. 

Calorific value of coal a.s fired*.♦2,500 H.'rii.U. per pound. 

Thormal efficiency of boilers witli HiipcrlicatorH 

and economisers .80 per cent. 

B.Th.U. per kilowatt-hour output .. .. 20,000 

Cost of opal .70. fid. fior ton. 

• The calorific value In British Thormal Units (B.Th.U.) represents tho 
number of pounds of water raised 1° F. ui touiperatuic by tho beat given 
out in the combustijn of I pound of tho fuel. 
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(i.) per cent. intere.st i>ii capital taken a.s a fair 
average over a period of years. 

(ii.) 2J per heut. depreciation on buildings, etc. (item h), 
and on the corre.spomling proportion of con¬ 
tingencies and enginec'i’ing fees. 

(iii.) r> per cent, (lepreeiation on tlu' remaining capital 
(items c top), and on the eorre.spondingproportion 
of contingeneie.s and engineering f(‘e.s. * 


No depreciation has lieen taken on land and its j)i'opor(ion 
of contingencies and engineering fees. \o sums are included 
for insurance, imperi.d ta.\es. (.■ 'ocal rales. 

'I’he elfect of tlie pric(' of coal has l)cen consider'd by tlu^ 
Committee in a table. In this, coal at .as. and Ids. per ton 
has been included, but sineo tlu^ clieajK'st post-war coal will 
probably be 2ns. to 25s., these figures have been ad<led for 
comparison. 


£o/id Fiirt(/r. 


r’()4 of Emrijii in t /nr KiloirnU-ymr with 
j t 'ndl Hi jnr - 

i 


: 5,e 

7.S. <t(|. 

H's. 

2Uh. 

25.S. 

C 

i: 

£ 

£ 

£ 

(.\). !)5 lH>r cent, (K,;t22 lioiirs) 2 '.It2 

:i-r>srt 

■HUH ' 

7-100 

H-HIH) 

(B) l)7-6 „ (.S.all ,. ) 2.'.)S2 


4-r,0H 

7-a.VJ 

0-()Sl 

(C) too „ (H.TliU „ ) :r(IIS 


4-r)S2 

7-710 

lJ-271 


The {,,'ommittee emp]ia.sise that it is j)o.ssible, to obtain 
electrical energy from coal at. a. cost comjiar.abic with that of 
water power only by resorting lo stirini power |)lant of large 
size: a minimum scale of :!n,ooii kilowafts is given for the 
manufaeture of cyauamide. s 

'I'hey further criticis(! the proposal,^iflen made, to burn the 
coal at the colliery, or (wen at tin.' pit's mouth, in order to 
reduce transport charges, by pointijig out that, for a lOO.nOO.- 
kilowatt station with a load factor of 1)5 per cent., some 
130,000,000 gallons of cooling water per day would be recpiired, 
and if cooling towers were employed as an alternative to a 
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natural supply of circulating water, a daily supply of 2,720,000 
gallons would be required to make up losses by evaporation, 
and in this case, owing to the lower vacuum consequent on 
the higher tomporaturo of the cooling water, an additional 
36,000 tons of coal would be used per annum. A waterside 
station would, therefore, seem imperative, the coal being 
carried from the pit to the station. It must not be lost sight 
of that important coallields f'umberland and Yorkshire) 
are 8it\iatod lu^ir the .sea. 

Before proceeding to a more detailed account of the actual 
nitrogen-fixation works, a table giving the relative power 
requirements of the three important ))roceBses may bo given: 


Power Requirements NiTRonEN-ViXATioN Process. 


Fixation Process. 

Kilo,mfl-Uo>ns \ //./*. Years per 

' per Kilo(jranu/ie\Long Ton 

Arc {cxduflivo of steam- 

! ! 

raising value of funiaeo i 
gas) . 

73-7 8-41 ' 11-45 

Cyjinamido 

; I(i-5 to 10-5 : 2-u:t to 2-37 ; 2-7filo;i-23 

Haber (assuming {lOwer : 


Huppliod oloetrioally) .. | 

;i-6 ! 0-43,5 ' 0-592 


With respect to the arc )>roc(‘ss, the Nitrogen Products 
Committee make the following .remarks: “'I'his synthetic 
prooe.sH involves I he direct combination of atmospheric nitrogen 
and oxygen by the heat of the electric arc, and the absorption 
of the re,suiting oxides of nitrogen in water and subsequently 
in alkali. 'I’he primary product of the absorption is dilute 
nitric acid of 3li to 4b per cent, strength, but about 15 per 
cent', of the total nitrogen fixed is absorbed in tiuf alkali towers, 
and can be recovered as* sodium nitrale. 3'he dilute acid can 
be concentrated further if desired, or neutralised with an 
appropriate base for the production of solid nitrate salts, such 
as nitrate of lime or ammonium nitrate. The process is simple 
.and continuous in operation, air and water being the principal 
raw materials. 
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“ The most striking cliara.ctoristics of tho process as hitherto 
developed in eoimtrioa where o heap water power is available are— 

“ (a) Tho large power recpiireinents ])er unit of nitrogen 
lixeif;* 

(h) The low eleetroela'inioal ellieieney: and 
(c) 'J'lie extensive and costly eliaracter of the absorp¬ 
tion plant’” 

-I hoy i)oint out that the are process, if ojierab'd on a senlie 
of 15,000 to 1’0,000 kilowatts, co\il(l prodnci^ roiicculrdle.il nitric 
acid at a lower cost than tlu' retort pnaa'ss from ('Idle nitrate 
at £10 10s. per ton, as long as the cost of (deetrical energy does 
not exceed £0 per kilowattwear, 

]he amounts of nitrogim fixed per annum by a continuous 
power supply of lott.ooo kilowatts are ;is follows: 

{a) ArcPmcemi : 11,.Still metric Ions in the form of 5:t,,500 
metric tons of nitric acid (.is |no per cent. lIXOa). 

(b) (Ji/aiKtinvle ProceKn : .50,700 tons, in the form of over 
200,000 metric tons (jf raw cyanamiih' (I0-5 per cent. N). 

(c) Hither Prores.i : gtln.ooo metric (.ons, in tlu; form of 
280,000 metric tons aidiydrons ammonia (Nil,), or 1,100,000 
metric tons of ammonium sulphate (loii per cent. (NlI, 4 ).,.SO.i). 

'J’he by-product nitrogen lost by the, combustion of tho coal 
■in direct firing wonhl amount to ,as much as III to 100 per 
ceijt. of the capacity of air are-llxalion plant, and 2 to 24 jror 
cent, of that cairable of being fixed by a cy.anamido plant. 
When tho potential value rd these lost by-product.s is taken 
into account, it does not necessarily follow that direct coal¬ 
firing is the chea|)est method of obtaining jrow'or from coal. 
If Gxiding methods of utilising crial for jiower are considered, 
however, and full value credited to by-products, it is still 
found that direct firing is most economical. 

Tho question of using gas engines for jiower generation'was 
considered by the Committee, 'i'lu^- decided that at tho 
present time it would be entirely impracticable and unecono¬ 
mical to employ gas enginc.s for power-stations of the size 
necessary for tho competitive operation of nitrogen-fixation 
processes under British conditions. For small blocks of power 
the position >, much more favourable, both as regards capital 
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cost and working costs, the latter being as low as, or even 
lower than, the corresponding costs for steam-power plants. 
The largest gas-engine electric units installed iommorcially in 
this country have a capacity of less than t.OOy kilowatts. The 
utilisation of peat by gasification is even more problematical. 
The principal difficulty to bo overcome is the excavating 
and drying of sufficiently large quantities of peat all the year 
round under varying climatic conditions and at a cost which 
will permit of the economic use of the resulting low-grade fuel. 
The failure of the “ wet-carbonising ” process, which was to 
effect this, will be fixsh in the minds of most readers. 

'I'he complete gasification of coal in a single stage in exi.sting 
typos of ree()very proilueers.,if'a|)plied to power production 
on a large .scale, would olfer litthi prospect of comimting 
financially with direct coal-firing, boean.se of the prohibitive 
price of coal. .Such a process would not permit of the recovery 
of th(! oil and tar |)rodu(ds to a satisfactory extent, although 
it would give a high yield of ammonia. 

High temperature carhoni.sation, in g.a.s-retorts or coke 
ovens, as a stage in the [)roduction of power would bo handi¬ 
capped by capital and operating cost.s, and offers no prospect 
of competing upon a commercial basis with direct coal-firing. 
The i)roce.ss also comt)ares unfavourably with other by-])roduct 
recovery processes from the standpoint’of the potential yicld- 
of nitrogenous and other by-products. A daily output of 
from 4(M> to noo million cubic: feet of gas, or from five to .six 
times the maxitiium daily output of the largest individual 
gasworks in the world, is also to be reckoned with in any 
scheme for the gasification of fuel as a preliminary to its 
utilisation in a nitrogen-fix.ation works of economic size. 

The cost of producing nitric acid, or nitrates, by the are 
process itu:ludes, in a,ddition to the c<ist of power, charges for 
plant and l.abour. and ot her materials such as limestone, soda 
ash, or ammonia licpior if nitrates .'ire'inanufacturcd. 

On a pre war basis, the Nitrogen I’rodiiets Committee 
estimate that with electrical energy at ,C;!-7.5 per kilowatt-year 
the cost of production of coiici'Jilriitcd nitric acid by the arc 
process would amount to £11-5 per metric ion of HNO 3 
(too per cent.), or about half the cost of the acid made by 



THE ARC PROCESS 


267 


the retort process from Chile nitre (£22-;t per metric ton 
HNO3). Every additional £l in the cost of energy per kilo¬ 
watt-year increases tlio Cf)St of production of the acid by 
£1'87 per metrk ton, since 1-S7 kilowatt years of energy are 
required per metric ton of acid n\aiic. 

The pre-war capital (Mist of a large arc plant under Norwegian 
conditions was staUxl to be £S'2!)1 ])('r kilowatt installed, 
or since 8-41 kilowatt-years are nupiired per metric ton of 
nitrogen fixed, the capital cost was £s-2!ll 1 S-41 ™ £(ii)’7r> per 
metric ton of iiitrog('n fixed |ier annum in the form of dilvlc. 
nitric acid, 'i’he csfimated eapilal cost oi a concentrating 
plant for the conversion of (his dilute acid into concentrated 
acid is estimated as £22-riO per "udric ton of nitrogen. 

The cost of the ]>owcr plant, of 100,000 kilowatt cajiacity, 
steam power, amounts on a pnvwar basis to £lo-2ll per kilo¬ 
watt; hence the cost per metric ton of nitrogen fix(‘d will be 
£10-20 X 8-41= £8f;-2!>. 

The total capital cost of an arc factory operabal by steam 
power ])foducing concentrated nitric acid would therefore bo, 
per-metric ton of combined nitrogen, £0l)-7r>-|-£80-29-t-£22-5(li 
= £178-,74. ■ 

'I'he production cost of ilihih'. acid, cxclusiva^ of (iost of energy 
and of interest on eajiital, is taken by the Nitrogen Products 
(’omniittee as £2-5 per metric (on ni(ri(^ a,cid (as Itto pe.r cent. 
UNOj) or £ll'2 .') jicr metric ton of combined nitrogen. This 
figure includes labour, repairs, general charges, amortisation 
of the arc furnace instalkjtion at an e(pia(ed value of 8 per 
cent., and materials (e.xclusive of soda for t he alkaline-absorp¬ 
tion towers). 

'I’he cost of concentrating the dilute acid to jiroduco con¬ 
centrated nitric acid is taken as £J jx-r metric ton of idtric 
acid (lot) per cent. NJKb) or £!• per metric ton of cortdiined 
nitrogen, inclusive of all working e.vp(mscs. amortisatioiPof the 
concentrating section at an cipiatect valium of 8 per cent., but 
exclusive of interevst on capita,!. 

The final production cost of concentrated nitric acid by the 
ar6 process will thus be. per metric ton of acid calculated as 
100 per cent'.: 

£2-0 -r r 0 -r cost of 1-87 kilowatt-years of energy -- £4 ••') t 1 -87 K. 
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With various costs (E) of energy per kilo'watt-3'ear, the costs 
of the concentrated acid will therefore be: 

£ £ £ 

Cost of energy per kilowatt-year E .. ] '2 3-76 ‘ fi 8 

Cost per metric ton acid .. .. 6-744 IMil2 13-85 19-46 

Those figures may ho compared with the pre-unr cost of 
acid made by the retort process from Chile nitre -viz.. £22-3 
per metric ton of acid (as lOO per cnait. UNO.,) with nitre at 
£10'6 per metric ton. Under war conditions the cost of nitric 
acid made by this process rose to £35 [)er ton. 

Although th<i figures quoted s(!om to indicate that even 
with coal as the source of energy the arc process would not 
bo at a di.sadvantage irilh tuiiunil vilre., it must not he forgotten 
that in compotif.ion with utli.e.r f!iinlhdie proresKen under the 
samo conditions it might hes at a decided disadvantage. In 
the United States, again, tlu; developraimt of fixation processes 
other than the arc has been r(!tarded until the hydro-electric 
schemes are completed; it must therefore he evident that the 
use of coal as a soiirce of energy is not regarded as satisfactory 
.yjinder the conditions there obtaining. As regards labour, the 
arc process is not disadvantageous, .since the labour employed 
is comparatively small in compari.son with tin: output. 

A comparison of the costs of production of nitric acid by the 
arc process and from Chile nitn^ by ( lu^ Valentiner process (p. 54), 
based on the figures of the Nitrogen I’roducts (.'ommitteo, is 
made by Hagomann {(J/iem. Trade. Journal, January 13, 1922). 
The capital cost of the factory for 2d,niM) kilowatts is taken as 
£150 per ton of fixed nitrogen. The cost of production of 1 ton 
of 05 per cent, nitric acid, with power at £7 10s. per kilowatt- 
year, is given as £10. 'J’his corresponds with acid made bj'the 
Valentiner process with sodium nitrate at £9 per ton. Sodium 
nitrate, at £17 10s. corresponds with power at £12 12s. per 
kilowatt-year. 
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THK ()\'IJ)ATI()N OF AMMONIA 
The Oxidation of Ammonia. 

With the lixatiou of atini)s])lM'ric iiitro^^cii as ammonia by 
the Haber or eyauamide proc-css, the I'ro'ihsm of siipjilying 
the needs of industry for bxcd nilrogen has been only partly 
solved. It has already been .seated (p. .'!2) that the fertilising 
value of nitrate nitrognm is somewhat superior to that of other 
forms of available nitrogen, but in this rc^spiatt the noeessity 
for nitrate nitrogen is not imperative. Although ammonia 
nitrogen is somewhat less elfoetive, the dilforonco is only 
slight, and would bo compimsatcd by greater cheapness of 
ammonia nitrogen as eomi),ared will) nitric nitrogiui, wlion 
both were equally suitable from an agricultural standpoint. ; 

In other industries, howe.ver, the ease is dilTenmt. Tho“ 
manufacture of dyes, drugs, and explosives imperatively 
requires fixed nitrogen in the forju of nitric acid, usually as 
concentrated as possible. In peace conditions the demands 
of agriculture are by tar the largest, but in time of war enor¬ 
mous quantities of nitric acid are consumed in the manufacturo 
of guncotton, cordite, p;-;rie acid, trinitrololuene (T.N.T.), 
nitroglycerin, and ammonium nitrate, among other products. 
A nation which is to be. self-supporting in time of war must 
therefore, even if ammonia from fixation processes is available, 
possess the means of converting this ammonia into nitric acid. 
The conversion of ammonia into nitric acid is a process in¬ 
volving oxidation, as, is seen by cf)ra})aring the; formula of 
ammonia, NH„, with that of nitric ahid, UNO,, and the process 
by which this conversion is carried out is known as the “ oxida¬ 
tion of ammonia.” 

All the processes for the oxidation of ammonia in use depend 
on the same principle. A mixture of gaseous ammonia with 
air or oxylcn gas is passed over a catalytic agent, such as 

2(j'J 



270 


THE SlITROGEN INDUSTRY 

platinum, maintained at a suitable temperature, usually a 
red heat, when the ammonia is burnt primarily to steam and 
the colourless gas nitric oxide: 

When the gas coining from tlio “convertor” or apparatu.s 
in which the above catalytic reaction is brought about is 
cooled in presence of an excess of air or oxygon, the nitric 
oxide undergoes further oxidation into rod fumes of nitrogen 
dioxide: 

“NO |-(b -tiNO, orNjO,. 

The gases are then brought in contact with water, also in 
presence of excess of air or oxygen, wlien a complicated series 
of chemical cltanges takes jdace, leading ultimately to the 
formation of dilute nitric aciil, not exceeding 50 to tilt per cent, 
strength: 

“NOj+O t-ll..() “UNO.,. 

This acid may be used directly for the preparation of 
nitrates, such as ammonium nitrate, or may be concentrated. 
The concentration is usually cffi'cted by distilling with con¬ 
centrated sulpliuric acid. 

This is, liriefly, the process used in the. oxidation of ammonia, 
[t consists of four distinct stagi's: (i.) 'riic oxidation of am¬ 
monia eatalytieally to nitric oxide: (ii.) the spontaneous oxida¬ 
tion of tlic nitric oxide to nitrogmi dioxide; (iii.) the absorption 
of nitrogen dioxide, in jiresenee of oxygen (r.f/., air), in water 
to produce dilute nitric acid; (iv.) the concentration of dilute 
nitric acid. 

Tito fact that ammonia can be couverted into nitric oxide by 
passing the gas lunu heated manganese dioxide was discovered 
in 17S8 by the Ucv. 1. Milner, of ('ambridge. This was 
followed by the better-known experiments of Kulilraann, 
professor at Lille, in 1889. 'I’lie latter passed a mixture of 
ammonia and air over heated platinum. Nitric oxide is first 
formed: 4Nll3-|-50.j=tNl)-t-t)H20. If the moist gases are 
cooled, in presence of excess of air, nitric acid is ultimately 
formed: 2N0-|-.70-hll20=2HN03. The oondiUons under 
which this reaction takes place with a practical yield were 
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elucidated byTrofessor Ostwald and Or. Rraucr in 190(1, and 
patente wore v^^ken out in 1902. It was found that the gases 
must bo passed rapidly over the catalyst, as otherwise a con¬ 
siderable amoiinf.»of the iiilrogon of the ammonia is liberated 
in the elementary eomlition: 2X11., ! .'t(b==2.N'.. | (illjO. Vhider 
suitable conditions over tH) |)('r cent, of the nitrogen i.s recovered 
as oxides. Jt will be iiotieeil that all theses discoveries were 
made by “ aeachunie " (diemists. 

A i)lant basi'd on the diseoverv of Osiwald and Rrauer was 
in constant operation for some tinu' at the works of the 
Lothringen Colliery ('oini)aiiy at (lerlhe. neii Iloelniin. which 
produced upwards of I.SIIO ('.ns of idirie acid or 1,20(1 tons 
of aminoninm nitrate annu.ally. 

X 

3 

3 

o 

iii' 
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(‘arofully jnirilied anunoniagas was n(i.\e<l with air and pas,sed 
through enamelled iron tubes to the <'atalvser. This (Figs. 19 
and 20) consists of an inner verlieal nickel tube ,surround.(3d by 
an outer tube of enamelled iron. .\t tin; top of the 2 inch ijickcl 
tube is placed ;(, roll oberinkled pi.iTnum foil, about 2 centi¬ 
metres wide, weighing about .'ji) grammes, wdiich servcjs as the 
catalyst. This is first heatwl by a hydrogen tlaine introduced 
thrpugh a lid at the top, and the mixture of air and ammonia, 
containing not more than 9 per cent, by volume of the latter, 
is passed into the outer jacket. This passes through the 
platinum y.talyst, and down the nickel tube, the heat given 
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out in the reaction being communicated to th6 inflowing gas, 
so that no external heating is required when the reaction is 
once started. The ga.ses are then passed through stoneware 
cooling tubes, and then into large granite or. In'ickwork towers, 
packed with eartlnniuari^ lilling. <iv'er wliieli weak nitric acid 
is circulaleil. 'I’Ik^ aeid iiinning from tlit^ first tower contains 
about 40 to 5.") per (smi. IIXO,. ft may converted into 
ainmoniiim nitr'at(^ or emuamtrated. 

The O.stwald patents (which were not granted in Germany 
owing to the prior work of Kuhlmann) were taken over by the 
Nitrogen I’roducts Company, and works were erected at 



A, Inlet, innin fnr nii\tnT'e nf nimiioni:i jcas and air; H, rniter cn.-inieltal 
irnn jaeket u i( h liiiieed lid O'; /). intier nicliel t ills', a I. I he top of u'liieh 
the platinuMi catalyst is siippm-tid; F, almnininiM main eollecling o.\ide.s 
of nitrogi'O from tile oomerlers. 


Dagenham Dock, mi the 'I’hames, and at Angoulemc in France. 
The ammonia for these works is produced from cyanamide. 

At the newer French ammonia o.vidation works at Bnssens 
the air is taken in by suction through filters composed of thin 
rectangular boxes with llaunel .sides by means of two blowers 
dcliv'cring 7,(MM) cubic metres per hour each. The air and 
ammonia gas are mixed in a vortical cylindrical iron mixer, 
6 feet in diameter and 20 feet high, containing baffle plates, 
with two inlets placed tangentially at the bottom and an 
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outlet at the tc^. The mixture contained I vohiino Nil;, to 
11 volumes air. 

The converters wore arranveil on a iioor above in eight 
groups of six to foVjii a Iiattiuy: 

. OOOOOO OOOOOO OOOOOO 000(100 

oooooo oyoooo ooocjoo oooooo 

Each half of the battery has its own inlet and outlet mains. 
Twelve batteries of forty' eight units an^ an'a.nged in one house, 
and twelve in one lioust^ and twelv(> in a second luniso, each 
being served by a separals' gasholder for lunin. aia. 

The gas from each main coming from (uemfy four converters 
by aluminiunr mains enters at about. I’oo ((ho large U-tubes 
of silicon iron, IS inches in diameter and go feet high, with 
two vertical outlets below. These tubes are cooled by a 
shower of water and the gas leaves at ,so‘ ('. It tlum passer 
to a series of six pcjttery U-tubes. about is iuehes in diameter, 
placed in a water-bath with partitions to causes circulation ol 
cooling wi4((r. Inside the U tubes are vitreosil tubes closed 
at the bottom, acting as Hough's eondeu.sers. about, ti inehe.' 
in diameter and Hi feet long. Beyond these six U-tubes an 
.scv'eiiteen U-tubes with intermd eo(p|iug. but- exposed to Hu 
air. Tlu( water from,the intermd coolers of these passi^s tc 
the trough of the first si.x tidjcs. The outlets from four 
batteries of tulups are joimsl in a reetaiigular trough (jf volvie 
lava, from wdiieh a single iM inch pottery main leads tlu; ga.s, 
cooled to ti)“ ('., to a set of .dx absorption towers, one set ol 
towers to four semi batteries of t wenty four eonverters eardi 
Preceding each set of six towers are four (unpty oxidation 
towers in parallel, consisting of stonewii.re pipes. IS inches in 
diameter and 2o feet. high. Hwing to tiup heat of oxidation 
of the NO, the gas le,aving these towers was still at (O' ^ 

The ab.s((rption towerj aixp of aeid-nxisting brick laid in 
silicate and sand mortar with iron strerfgl.hening btnids. They 
are 4 metres internal diatneter and ll’-.d metres high. Joints 
are made with a soft mixture of asbestos, sulphur, atid tallow. 
The ga.s passes into the bottom of each tower, down through 
an internal pottery pipe of 12 itudies diameter.t(j the bottom 
of the next {iwer. The pin king is of rpiartz lumps, all the 

18 
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same size, 0 inchoa in diameter. Tlio gas pressure is fi to 
7 centimetres of water at the entry to the towers. Acid is 
circulated in each tower ))y two Ke.stner automatic montejus 
per tower, delivering to (,h(i tops of tl.’c towers tlirough 
alurajnium pipes 2 iuelies in diameter. The circulation of acid 
per tower is litres ]>ei' hour. Towers I to ii are cooled 

hy paa.sing tlu^ .acid leaving them in a shower over a battery 
of glass tubes enclosed in a bo.v of volvie lava with cold water 
running through the tubes. 'I'he reaction is intense in the 
third tower. The final :i(ud is Me. The exit gas froTii the 
towers contains I grammes AO |)er cubic metro. 

'I’he converters thems<'lves an? simple in. construction, 
provided the nee('ssarv materials an' at. hand, and appear to 
work well. No extra, he.ating of the e.atalyst is required, the 
r(?a<?tiou su]?plying tlii' necessary heat, when oiiee started by 
a by<lrogen flame. 

On the other ha,nd. the ni'cessity of making the Inner tubes 
of weldless pure nickel militates against, this type of cojiverter 
in England at the present time. .\ large quantity i f platinum 
in the form of foil is also reqnir’ed. and consequently the output 
of nitric acid ])er unit weight of ]ilatinum is small. It is, 
moreover, inqiossibh? to use a ricdier mixture of ammonia with 
air than 0 per cent, by volume, as otherwise the catalyst 
becomes overheated. 'J'be flow rate [ler unit area of the con- 
x'ertcr tube is also very low. The (?onV('vsion (dliciency has 
been variou.sly stated to be anything fi'om ti.a to !t.5 ])er 
cent., but at tin? eonvert('r its('l'i it may be .assumed that hi) 
per cent, is imssible undm' proper conditions of working. 

The, Frank innl Cnro t'onrerlrr was first ))ut on the market 
in small units by the (lerman " Ma.mag " linn f(,)r use in 
supplying oxkh's of nitrogen to h'adathamber xdtriol plants. 
Kiann the |)oinf of view of ellicicmcv and general condition.s of 
working, this type eoiniiares favour.ably with most other types 
of eonverters. The catal.vst consists of a single? platinum 
gauze electrically heated, which nc'cessitates a slower flow 
rate anil con.seqncntly lower output than later convertors 
using sex'ci’al gauzes as a e.atalyst. These' were introduced by 
Kaiser. 

Kuher ('oiivcrler.- In this .sever.al jdatinuin gauzes arc 
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placed close togothor, and the air Is prehcafod to 300° 0. in 
a coke, furnace,.Ixong mixed witli the ammonia 50 centimetres 
in front of the catalyst. Kaiser claimed larger yields with this 
converter than afiy otiier type, owing to luito i^xidation of 
atmo^spherio nitrogen itself, 'i'his, however, has not lieen 
substantiate<i. ami tile only advantage of this type over 
previous ones is the use of several gauzes to eom|)ri.so the 
catalyst, which j)ei’inits of a larger output. . 

Tim Solvtry Prore.i/< (’oiiijniiij. Siinu-nxi'.. A’.)'., evolved a 
converter on the Frank and Caro principle. The converter 
comsistod of a simpl(^ reela-ugular .■duininium Oox with a single 



Flu. 21.—Fiiaxk .isii t'liio Tvia; or .Vm.muma Oxiuatiu.n riiNVUiiTKiw. 


.-l,*Fan; B, im-lrr; imUy ul 1), hc.iled plal iinini guuzn 

oat;i)>st; E. uluniiiiiiitji lino.l with mic.i windew; outlet main for 
oxides of nitrogen. 

platinum gauze catalyst, heated electrically. It sidTcred from 
the same disadvantage as the original Frank and Caro type. 

The Ameriain Vijnwtinid Cow/ioe;/ dtsigned a converter of 
much the same type as the Sohay ( oiupany. 

Experiments made by tiie authors in the, winter of*10Ifi 
resulted in a converter khich appeared to be an improvement 
on previous typos. This coin ertcr was design(,-d on the Frank 
and Caro principle with the addition of a multiple gauze 
catalyst, as in Kaiser’s a.|iparatus. Two gauzes were found 
to bo sufiic.'cut for 95 per cent, oxidation of ammonia with a 
high output ef nitric acid per unit weight of platinum. The 

capital cost of the complete converter is only 10|d. per pound 

# ♦ 
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of TINO 3 per twenty-four hours. The chief‘advantages of 
this convertor lie in the fact that both the flow rates and the 
composition of the air aTtirnonia mixture can be varied within 
wide limits without affecting the clfieienoy of oxidation. A 
small amount of electrical heating is rerjuired to bo applied 
continuously to keep tin; yield u|) to Oo per cent. In later 
experiments the mixttirc of air and ammonia was preheated 
to about 500°, and no electric current was then required. 

From actual experien(!e it has boon found that very little 
attention is required once flie reaction lias started, and pro¬ 
vided duo precautions are taken to jiriwent the access of dust, 
etc., to the converter, the catalyst remains ellicient for many 
months. 

It is necessary to obtain skilled and experienced workman¬ 
ship in tho assembling of th(^ unit, but after that practically 
no further attention is required. 

The, Gas, Light, and GoH Company, of Beckton, claim to 
have conducted experiments with a jilatinum convertor in 
1908. It appears, however, that their efforts were not success¬ 
ful until about August, 1917, when a converter was evolved 
with four gauzes. Particulars of the catalyst used by the 
authors and an account of their (\\perimcnts were given to the 
Gas, Light, and Coke Com]iany early in -1917. 'I'lic converter 
itself consists of a double iiyramid of aluminium, later enamelled 
iron, and the catalysi.s is started by means of a pilot light. 
It was stated that the conditions of flow rate and air-ammonia 
mixture have to bo kept within \a‘ry narrow limits, which is not 
in accordance with the results of otlu'r u.sers of similar ajiparatus. 

Mc-fsrs. Briiiiiier. Mond, and Com)iaiiy, who were made 
acquainted with the early work of the authors in March, 1917, 
and were provided at the time with an actual converter, 
found that this type of eonvi'rter was very advantageous for 
use with vitriol chamber plants. 'I'lnw further modified tho 
design of tho converter, making it of silvered brass or nickel, in 
which the gas flow was downwards instead of upwards, and used 
four gauzes instead of two. Moreover, preheating of the gases 
was used, the catalyst itself not being supplied with any heat 
except that from tho reaction itself. Tho efficiency was 75 to 
86 per cent. 
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Thi United'Alhtli Comimiiy, of Widiics, also adopted tho 
authors’ pattern converter for experimental purposes, and as 
a result installed modilied and improved types in their sul¬ 
phuric acid plants. In tho later j)atterns (see J. S. /,. 1922. 
41, 37t) tho heat of reaction in the converter i.s tised to pre¬ 
heat" the mixture of amiiumia ajul air. The converter is of 
iron, enamelled or edated with protective material, and tho 
platinum gauze is vau'tical. This ty(te of a.))paratu.s may ho 
regarded as the nu.st satisfactoi'y form for use with air and 
ammonia. 

At Kharkoff, in /I’e.v.ve/. a plant was .set n|) for the oxidation 
of iimmonia just hetore tiic u.’.r. in which the converter con- 
si.sted of an iron lulx; with a c.atalyst of iilatimnu gauze 
(numher of gauzes unknown) sfreleheil across it. llu' mixture 
of air and ammonia was jireliealeil to I .'lO to .'foo ’ ('. '|'he 

great disadvantage of this type of converter is tlu^ wear aij^l ^ 
tear on the ])latinum, nui; to iron oxide dust caj'iTol by the gas 
stream. It is stated that the gauzes had *o renewed every 
three \vei*ks. The (dlieieney and output appear to have been 

Another type of converter has been evolved in America, in 
W'hieh a eyiiiuler of |)latinniii genize, open at the top for the 
gas irdet and closed aj, the boU(im by ,i silica pi,ate. is suspended 
in a chamber lined with glazed bricks. The heat evolved is 
said to be available for healing (lu^ enlerhig gas, I'^o far as 
is known, this type of apparatus is not in n.se on the large 
scale. 

Ammonia Oxidation in Germany. 

The output of nitric acid by ammonia oxidation from 
German works is given below': 


Nmiie Aciu (.\lmiae f'os.s II.N'U, ia.it It.w). 
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• Can now silpply 500 tuna UNO,, daily, and still supply NUj for oxidation 
plant at Ho^.si. 
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The Leverkusen Works of Farhenjahrik vormals F. Bayer. 

Before the war there were two works belonging to the Bayer 
Company, at Leverkusen and Elberfold. 'The Leverkusen 
works was the larger, employing «,5oo workpeople, together 
with a staff of l,CO(f chemists, engineers, clerks, etc., and the 
number of workmen was increased by‘1,600 during the war. 
This works produced dyes and intermediates, together with 
the necessary acids. The w(jrks at Elberfold produced drugs, 
which were packed at Leverku.scn; it imiployed 1,500 workmen, 
decreased to 1 , 0 (K» during the war on account of overcrowding. 
'The erection of the works at Dorniagcn, on a site acquired 
before the war, was completed early in li)l7. 

The Leverkusen worlds is situatcal on the east bank of the 
Rhine, about ten miles north of Cologne, The site, purchased 
about covers an area of some 4oo acres, with a wharf 

"oh tlie Rhine and e.xccllcnt railway facilities, both inside the 
works and in connection with (lie main lines. The water 
reejuired in the W'orks is obtained in abundance at ij,- depth of 
about loo feet, and the whole site has been Idled up to 4 feet 
'above ground level. 

There are four sections of the works, and research labora¬ 
tories, lecture-room, liospital, etc. Luring the war an entirely 
new' plant for the manufacture of ammonium nitrate was 
erected at Leverkusen. The quantity of nitric acid made ait 
this works amounted to 76,ooo tons per annum, partly from 
sodium nitrate made by tlic oxidation of ammonia (00,000 tons) 
and partly from 60 per cent, nitric acid (15,000 tons) from the 
same source. 

The ammonia oxidation i)lant at Leverkusen was erected 
early in the war to l•cplace the supply of Chile nitre, the plans 
bein^ supplied by the Badisehe Company at Ludwigshafen. 
The ammonia came partly from synthetic sulphate and partly 
from gas liquor. The afnmonium 8ulf>hate was dissolved on 
one side of the works in twelve dissolvers of 1,000 gallons 
capacity, and milk of lime was preparcil in a parallel row of 
vats on tho other side. Between were two rows of ten ammonia 
stills in each, also of about l,0tio gallons capacity, fitted with 
agitators and steam coils and leading to a common main of 
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1^ inches diameter, (ias liquor was distilled from milk of lime 
in vertical stills of six {‘(feets, the steam coils being in the 
bottom section.* Four columns wen- installed. 'I'he ajninonia 
gas was [jasscd Uirougli a similar vertical eobmm scrubber, 
in which it was washed witli caustic soda soliiUon. I'here 
were'two scrubbers. feet, by II’ feet; the .stills were 15 feet 
high am,! i feet in diaiueler. 

The ammonia gas was passed tlirongh a small balancing 
gas-holder of non (udne feet capacity into .a large holder of 
1,000 cubic metres capacity u ith an indicating dial. A mi.xtnro 
of air and ammonia coiit,lining 7 per cent, of ammonia was 
ch'ivcn by separate cciilritiigal blowers to the converters, the 
air being liltered through cloth. \'enturi meters controlled 
the mixture, which contains 7-.5 per cent, by viilnme of 
ammonia. The air passed through .a cylindrietil tiihuhir hetit 
exclninger (li.l*. 1 15 o,7'l/lOgO). Ig feel, by I - feet, iti eoutiter- 
current to the hot <!on', crier gas. Ictiviiig by ,an l.s inch pipfl! 
a G-inch by pa.ss being also provided. Tla^ amtiionia wtis not 
prehcJltcd^ but passed by a Tinch pi[)c^ to :i nii.ving chamber 
between the exch.angcr <iml converter. 'J'his tnixing chamber 
in sotnc cases consisted ol an inclined etJiie 5 bah. long aniA 
1 feet in diameter, the hot air entering the base tuid the 
animotiia and cold by passed air tangctitially. The mixture 
passed to the eotiverter at 50 (r to Ittin". 

The converters are sheet iron eylitalers lagged externally 
and lined with brhtks, 15 feet high ami 12 feet extenuil iliti- 
metor. 'I'hey fortnerly had an axial tubt^ t! feet in diameter 
serving to convey cold air to equalise the tempei’ature of the 
catalyst, but in the newer lypc.s, which have a diameter 1.', 
that of the older, tins axial tube is omitted. The catalyst 
layer is deep, so tiiat the time of eontaet is mueh longer than 
with platinum. Tliere are llr.sl about in inehes of lino granules 
resting on coarser graimle.s on a jierlorated refraetory plate. 
The gas passes upwards Ihrougli tlie»i.'atalyst. The diameter 
of the catalyst granules varies from 5 to in mm. 'I he diameter 
of tho catalyst bed in tire older type was It feet, the drop of 
pressure across it being about Hi eentimetre.s of water. The 
temperature of the catalyst is about 70n" (.'. The average 
capacity of tlie older units was 4,Gon kilogrammes ammonia 
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per day; the now converters have a capacity'of 15,000 kilo¬ 
grammes per day. The capacity of the whole plant is 6,000 to 
7,000 tons of sodium nitrate per month, with'an ofticicncy of 
80 to 85 per cent, over-all. The catalyst, provided by the 
Badische Company, consists of oxide (jf iron with promoters. 
The writers, witli Dr. E. K. Ridcal, tested a large nurab'er of 
catalysts of this type in 1010. The Jnixturo of oxides of iron, 
bismuth, and cerium described in the patent s))ocilications of 
the Badische Company was found to be an cflicient catalyst 
(00 per cent.) in thick layers at higher temperatures, but the 
bismuth oxide slowly volatilised. 

'J'he absorption plant for oxides of nitrogen consists of three 
distinct units. 'I'hese ell'eet .-' bsorption in sodium carbonate, 
in water, and in sulphuric acid resp(a:tively. 

in the alkaline-absorption section each converter is eon- 
neeted with six towers, the lirst a small rectangular stone 
tower 12 feet high and I! feet si<lo, acting mainly as a cooler; 
the second tower is eyliitilrical, O'.) feet high, and 8 feet in 
diameter, of steel plates; the thinl tower is recta,ngular, of 
volvie stone, and ,'io feet high; whilst the remaining three 
towers are like the .si-cond. There arc twelve rows of these 
towers, the gases from which passed by a common main to a 
60 foot tower, 20 feed in tliameter, through which they were 
drawn by a fan. ISaturated sodium carbonate solution was 
supplied to the top.s of the lirst, second, sixth, and seventh 
towers, and drained to a granite taidr, from which it was 
pumped to the top of the fourth lower, which was run slightly 
acid so as to cause conversion of all nitrite into nitrate. I'Toni 
this tower the sodium nitrate solution left by a t-ii\ch main. 

In the water absorption section, erected in 1918, the gas 
from the converters is brought by' a .'i-foot main to six brick 
towers, 40 feet by 12 feet, arranged in three rows of two and 
packed with broken (piart/,. From^ these the gas passes 
through a rectangular brick flue, 6 feet by .'i feet, to twelve 
brick towers, 60 feet high and 12 feet internal diameter, the 
walls being 2 fect thick. After being drawn through these 
towers by a fan, tlu' gas is dischargcil to the free air through 
a 3-foot iron pipe. Water is foil to the last tower and circulated 
forward by centrifugal i)umps. When the aciil reaches the 
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bottom of the*fourth towor in (hr sorios of t\v(‘lvl^ it is coulod 
between successivo towers iind liually reaohes a ceneentration 
of 40 to 50 per cent, nitric ackl. 

'I’lic latest planl; is for absorption in siiljiliuric acid. 'J'liero 
are six steel towers, to feet liigli and S feet in dfanietpr. the. 
acid'being eooled in coils between eac'li jiair of towers throiigii 
which it is circulated.’ Jvitric acid is recovered by distillation, 
although steam must be added. The results agreed with those 
found by the writers in laboratory experiments- vi/,., that 
.sulphuric acid absorption is ikjI ellieient on account of the 
dillicully of recovering nitric acid from the li([uid after 
absorption. 

'The ammonia oxidation ]ila.nt at Oppau consists of more 
than one set. t)ne set eonsisis of twenty oxi(l<' eata,lyst con- 
verter.s in two row.s. Ivieh unit uses s tons of Ml,, per day, 
and the oven measures I S feet by l.'ifeet. The catalyst lay(‘r 
is 1 foot deej) on a jierf(.rated ]iartition of refr.actory material. 
The temjH'ratlire, is Slur . The ammonia air mixture passes 
through two vertical heat i xeliangei's l’O feet by 4 fei't, and 
enters the top of tlie converter normally. The hot gas jiasses 
through a boiler .S feet by 5 feet, then through an economiser 
0 feet by 4 fei't to the heal intereliangers. Two catalyst 
furnaces are used in^jiarallel with one boiler, one economiser, 
and one Jiair of heat e.xehangers. The gas was preheated in 
the basement to ‘.’on" for starling. 'The icfraetory lining of the 
converter is 1 foot thick; there is no central cooling line. 'The 
exitpijies, 2 feet in diainelu-, ari' lagged with diatomite brick. 

'The ab.sorption ]>lant is eomposed of three rows, each of 
two brick towers So feet by go feet, two granite towers .SO feet 
by 15 feet, and two steel toweis .so feet by 1.5 feet, in the order 
given. .Soda solution was passed to the steel lowers, which 
were jiacked with quart/.. Kriqip's ehronic steel acid pumjis 
are u.sed, the acid bqing disirilmted by jet sjirays. 'The 
granite towers were dodecagonal, resting on jointed bases 
3 feet think. 'The slalis wei'c joined with cement with 
H-girders. bars, and bolts. 

Concentration of the acid is elfectcd by suliihuric acid, 
giving 99 per'cent. acid. 'The sulphuric acid (s reconcentrated 
in Kessler’s and vacuum ajijiaratus. 
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Ammonia Oxidation at Ildchst. 

'I’he ammoniii oxidation plant of tho Ildc'hst Farbwerko 
(vormals Meister, Luoius und Rriining) is situated at Hochst, 
on the right bank of tho Main, about ton miles from iMainz. 
It is about two miles from the works of tho Grieaheim Elektron 
Company, with which, however, it has no connection. During 
tho war an amalgamation with tho Eadisehe interests took 
phico, synthotio ammonia from Oppau being supplied to 
Hochst for oxidation. There was before tho war an oxidation 
plant at Hochst, comprising thirty seven converters fitted with 
circular platinum gauzes about 7-2 inches in diameter, con¬ 
tained in vessels similar to tJioSo usotl for contact sulphuric 
acid. The enicieucy of this jjlant, which produced about 
54,0(10 tons of lutric acid per annum, was not above 80 per 
cent., and a new plant, completed in February, 1919, was 
eicctcd in its place at a cost of about X1,000.000. This plant 
has a capacity (d 24,ooo tons of ammonia, or 140,000 tons of 
nitric acid, per annum. 

In addition to synthetic ammonia, arriving a,s 2.5 to 27 per 
jjiit. liquor from Oppau, gas liquor ammonia (20 j)cr cent. 
N11,), and cyanamidi! ammonia li(iUor (22 to 27 per cent.) 
from Knapsack, were received, tho liquor being stored in four 
overhead spherical steel tan ks, each of 204,2i lO gallons capacity. 
Tho licpior was ructilied in four stills, one spare, of the SavalJe 
ty'j)o with fifteen ell'ects, each with a cai)acity of 2(( tons of 
ammonia daily. Tho gas not used,for oxidation was absorbed 
in a plate tower 90 to to feet high. iVmmonia from gas liquor 
was scrubbed with caustic soda solution of 48“ to 0.'t° Tw., and 
thou passed through charcoal purifiers in tho usual way to 
romovo 8u4)hur compounds. Tho ammonia gas from tho stills 
was freed from moisture by refrigeration with ice-cold water; 
tho p'resonce of moisture caused scaling of tho iron pipes, and 
was also believed to be prejudicial to the conversion, although 
there is no ovidenco of this. 

Tho ammonia gas and air were metered through Venturi 
meters and driven by ton 55-kilowatt centrifugal blowers to 
the filters and convertors. Tho mixture contamed 12-5 per 
cent, by volume of ammonia, regulated within itarrow limits. 
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The ammonia supply pipe was ti inches in diameter and the 
air pipe 18 inches in diameter. The air was (ilpMcd threugh 
cloths in a woodfen box, and tlie mixed f^a.s was carefully iillerod 



Fro. 22.— UuuuA.M or Ammo.\h Oxm.iTioN Co.NVKiiTiiK wmi ri,ATiNiiM 

• UATAJ.VST A3 liacu AT lluC'UST. 

froih dust and ammonium salt fumes through eight layers of 
linen cloth in'chambers U feet by a feet. 

The gas pa'ssed under li-inehe.s water pressure through two 
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central mains in the converter house, from' which it was 
diverted to the 224 converters, each provided with a circular 
platinum gauze catalyst of 20 inches diameter, or 2-12 square 
feet cross-section. The maximum output,6f each converter 
was 115 tons of nitric acid per twenty-four hours, the efficiency 
of oxidation being SO pi^r cent. The elliciency from ammonia 
to dilute acid {including the elliciency of the absorption plant) 
was 87 i)er cent.; that from ammonia to strong acid (including 
tlie concentrating plant) was 84 per cent. The l)ody of the 
converter (Fig. 22) con.sists of cast iron, in four sections with 
flanges. The two middle sections were 18 inches and 12 inches 
high, and supported the catalyst between theip; the conical 
top and bottom piecajs werewich 3 feet 0 inches high. The 
top cone was lined with sheet nickel to protect it from the hot 
gas. The catalyst, (!lamj)ed betwcaui asbestos rings, was 
started by heating to redness by a hydiaigeii or e(jal-gas llame 
inserted below it through a lighting hole slujwn in the figure. 

The e.xaet (amstructiou of the catalyst has been dilferently 
stated. It has been asserted that it consists cjf twi , or three, 
or four platinum gauzes, 2o inches in diameter, of O-iKi mm. 
*wire with 80 meshes to the linear inch. The gauzes are 
po.ssibly s[)ot welded and are supported on a grid of ten stout 
platinum wires, I mm. in diameter. sjKced at 10 centimetres 
distance. Thi' total weight of idatinum in tlu! catalyst has 
been stated as 333 gr.'unines, whicdi does not agree very Well 
with the details of construction, but is probably ap^wuximatoly 
cori'ect. 

The converters were arrang(.'d in two sets of seven or eight 
on each side of .separate inlet and outlet mains, the latter 
1 foot in diameter and eonnected with the converters by 
4-inch pipes lagged with diatomile brick shaped to lit, cemented 
and wircid. The up(>er bend [lipe of the converter was not 
laggetl. so as to allow for e.\])ansi(.>u. Ifefore entering the 
converters the gas pas.sed from a common main to a vertical, 
lagged, multitubular preheater, I.7 feet hy feet external 
dimensions, in which it was heated by steam. The purpose 
of this was to prevent condensation of acid from the hot gases 
coming from tlje converter when these were passed through 
the heat exchanger which followed. In this, which was- 
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identical in di&ienHinns with the prelirator, the warmed gas 
passed in counter-current to the gas from the converters, and 
left at 2n0° ('. Two lieaters so arranged served fourteen 
convertors. The'.temperature of the catalyst was aliout 
8(M»° V.; the gas left the converter at to foo'-' In 

starting the convertors extra air could lie addeil and the oidy 
partly converted exit‘gas hypassi-d to a chimney until the 
gauze was activated, (iate valves were used, with a slight, 
air pressure on the side of the valve not in contact with the 
gases, to prevent leakage. In fifty-six of the 'atest typi- of 
convertors the gas was passed h^- a laggisl .'{-fool main through 
two tubular boilers, leaving f^he.se at l’7o" ('. to the heat ex- 



Fm. 23. Inten.hivk Cdoi.kii kuh (!\si:s Ammiim.i Oxidation 

({oSVEKTKItS A.s USED AT lloCIIST. 

changer. In this way I tons of water were evaporated per 
hour and the steam was used for wanning the gas. as de.scribed 
above. From one to three men only ari‘ niiee.ssary to attend 
to all the converters. 

The gases containing nitric oxide and steam coming from 
the converters were piissed through eight cast-iron mains 
18 inches in diameter, supported on three fcrro-concrcto 
bridges, to four rows of eight ab.sorption towers. Each row 
of towers was provided with twelve intensive coolers of special 
design—forty-eight coolers in all. 'I'liese coolers (Fig. 23) 
were of alumipium, with an annular space between the outer 
• wall and an,inner vessel, the gas entering above through a 
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4-inch inlet, dividing into four 2-inch pipes leading to an 
annular space between the walls. The gas and condensate 
left through a 4-incli outlet l)clow. 'I'lie coolers are 0 feet 
high and '1 foot (i iticlies in diainetcT. In tiicm, on account 
of the rapiifity with wliieli the gas passed through, practically 
no acid was condensed, but only water. 1'ho condensate was 
put down tlio liftli absorption towc^r. 'I’lu! gas left the set 
(){ four coolers at .'in" (b tlirough four pottery mains 1 foot in 
diameter, joining to a single brick chamber at the base of 
each set of eight towers attached to iifty-six converters. 
Secondary air was admitted at this jjoint (not before the 
coolers). 

Tho towers are 11 feet high and 21 feet In diameter In¬ 
ternally. The walls (siinprise thnH' layers of brickwork, tho 
outer lay<!r of bricks (i inches by 1 inches, set in a mi.xturc of 
jpdium silicate and kieselguhr. 'I’he top of the tower is 
slightly domed, anil there is a central partition in each tower, 
the gas passing up oni; side and down the other, and then 
going to tho ne.xt towei’ through a brick channel at the base. 
T’ho towers are packed with stoneware rings. T’hc total 
internal volume of all tho towers is .‘!.'5,.'!2U cubic feet, which 
amounts to only HI cubic feet ])or pound NO, absorbed per 
minute, as compared with .'150 cubic feet calculated by the 
formula ])roposcd by the writers (./. 0. .S'. 1919, 38, 76t), 

or 1,.')(M) cubic feet as used at the French works at Baasens 
when wo saw it in 1918. The reason why this small tow’er 
capacity is otl'ectivo is clear when it is remembered that 
at Hdchst no less than 2.'> per cent, of tho oxides was 
absorbed as nitrate by saturated sodium carbonate solu¬ 
tion fed to tho last two tciwers, Tho liquor in tho first of 
these towers is allowed to become acid, so that the nitrite 
is converted into nitrate, whilst that in tho second is kept 
alkaline, to absorb the oxides of nitrogen driven out of tho 
first when conversion into nitrate occurs (see B.P. 129,699/ 
1919; Partington and Bidcal). 'J’he solution of nitrate was 
evaporated by the waste heat of the converters. The remain¬ 
ing towers were fed with water for tho production of nitric 
acid. Tho oificioncy of absorption plant was 97 per cent. 
Each tower is stated to have cost 40,060 marks. Acid of 
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30 per cent . stroncOi was obtaiiu'd friiin the first tower of the 
series, the liquid heiiie eireulated in I he towers hv 8-ineh ehroine 
steel centrifueiil jninqrs, e.u h fed liy a :i to 4 inch pottery 
main and di^ivefin^ through a silicon-iron pipe of thi' .same 
diamoter to the top of the tower, two delivery’pipes* lieiiifr 
used to each tower, 'the metal i)i])es w(we eoned and litted 
in the .same way as the ))otfery pipes. Acid distribution was 
olfeeted at the top of the tower by a revolving ribbed disv, 
turned by a trear shaft at so |■.)l,m. 

The acad from the lowers was passed l<i (ho coolers, eon- 
sistiufr of S-pi|>es of silii'on iron eooleil exiernally with water. 
Then' were also intercoolers bi t ween e.-ii'h jiair of lowers e,\ee)i( 
the last, and the tenqierature \\,-is kept as low as possible, 
lib" ('.. in winter ■■nid to' in summer. The fact. that, the 
dilute acid lowers would probably woik sliehlly better if 
warm (see Partinyton ;ind Parker, lor. ril.) does not. seem ^o 
hav'e been appreeia.ted. In summer ieed water was used in 
the coolers. Larye stoneware receivers W 'l'e placed above' the 
coolers tr serve as aeiei ri'se'i'voirs. Tin' l■ireula.tiou in ea.i'h 
tower was I In yallnns per minute': the' hiss eif aciel in the wheile 
Sysleun eliel not e'Xe’e'e'il It pi'r e'e'iit. 

'I'we'ive' steie'k tanks eif briekweirk. each hoielin(' 1.112 cid)ic 
fe'ct. re'e'e'i\-e'el the' lowe'r iie'iel, fremi the' re'e'e'ive'rs at the' base e)f 
the' towe'i's. tbrouyh ta,pi're'il |iotle'i'y jiipe'S. Nei fan was useeel 
with the teiwe'i's. 

The' tenver aeael was I'oni'i'iilrali'd by mixing 1 part eif 
.')() jie'i' cent, teiw'i'r aciel wiln 7 p.-irls of sulphuric aciel. in livei 
mixiny vesse'Is with mi'e'hanie'al stirnTs. anel Ihe'ii ele'iiitratiny. 
About 42.000 tons eif siilphurii' ae-iel was usi'el pe'i' mouth, but 
practically all was re'i'ovi'n el. (to l•’l’a.ne•l■ 2'.'i to i! ]iarts eif 
sulphuric aciel emly we'ri' use-el. but tliei nilrie: aeeiel obtained 
was h'.ss cime'e'utrateel (.s.'i pe-r e-e'nt. sln'iiylh) than that obtpiiied 
at Hdehsl.) The' nilrii'^ie iel was re-e'iivereel partly in two rows 
of nine silicon irein teiwers. t fe'i't in eiiameter and 2.'i feet hiyh, 
and partly ill stone toweers. with e-ast iron pipe- jacke'ts. .‘!r) feet 
high anel ;i fi'ct (i inche'S e'xtiTnal elia-mete-r. the walls being 
9 inches thick. Ste'am at l.7o'' ('. was intreieluce'd at the base 
by a l inch Ijiad pipe; just above' tlm e'xit feir the donitrated 
acid. The nitric aciel vapour freiin the* teip of the demitrator 
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passed to a cooler of S-shaped silicon-iron pipds. The acid to 
be donitratcd entered halfway down the cooler, and acid from 
stock was sent down tho uj)pcr part to asKi,‘<t condensation. 
Oxides of nitrogen werr? removed from the nitric acid by a 
current of air and reeovonsl in twenty absorption towers. 
Tho completely di'iiitrated sulphuric acid was cooled‘in a 
water-cooled east-iron cooler and collected in a largo lead- 
linod tank of artificial stone. It contained about 70 per cent, 
sulphuric acid, and was recnncentrat('d in a Kos.slcr apparatus 
or in a modified I’auling apparatus. 'I'lie tatter was said to 
bo very ellicient. (In Tn'iich praidiee a denitrating column 
20 feet high and IK imdies internal diameter ])rodueed (1 to 
8 tons of nitric acid per day,' with an over all yield of 85 to 
87 per cent, on the ammonia burnt in the Ostw.ald type 
catalysts. Tho consumption of fuel in reconcentrating the 
sulphuric acid was 15 to 20 per cent, of tho weight of nitric 
acid produced.) 

It is of interest to compare tho moch' of ope,ratir)n at Hochst, 
representing the latest Giu-man practice, with the i'ldications 
obtained by exjjerimi'ntal work in l‘lngland, unfortunately 
never translated into technical ])ractie('. 'I'he resemblance is 
striking. In the following comp.arison the e.xperiments carried 
out by the writers and (heir eolleagug.s for tho Munitions 
Inventions Jh'partment are referred to. m.any of which have 
not boon published. The separation of wafer from tho con¬ 
vertor gas by rapid cooling was the sid'ject of li.lh I .'ll. 1)12/1918 
(Rideal and Partington). The object of this procedure, which 
is combined with tin' addition of scc'jndary air ajie.r the coolers, 
is to keep tho ga.s as concentrated as possible in tho oxidation 
and absorption towers. It is clear from the equation, 
4NH;,-l-50.j- 4NO that the uncooled converter gas 

contains nitric' oxide' and steam in the ratio 2 to .1 by volume, 
so that if tin' steam is removed a considcrablo concentration 
in oxides of nitrogen results. 

Tho dimension of the platinum wire and the mesh of tho 
gauze are also those found most suitable by the writers, and 
if tho use of two gauzes at Hochst is the correct description 
this is also in ag^oement with tho typo of catalyst^recommcnded 
in the official publication, “ Ammonia Oxidation applied to 
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Vitriol Chaml^r Plants." Stationery Office, 1919, 

The U.SO of alkali to finish the absorption was carried out exactly 
in the manner*specified in K.P. I29,<i99/I9l0 (Ridcal and 
Partington): it hifsbccn shown that this cfl'ected a consi<li'riiblo 
economy of tower space. 'I’lio nso of siil])hiiric ncid'’as an 
absorbent, wliiidi was tried at Leverkusen and found nnsalis- 
factory, w'as also the subject of a long series of experiments 
{unpul)li.shed) liy the writer.s, who deeideil that it wa.s not an 
efficient method of ab.sorption. 

It m.ay fairly be .said that labor.itory work('rs in Liighiiid 
and (lermany seem to have Iksmi led to ihi' s.irne eonelnsions; 
but w'hcreas tho flerman ttcl eologisis transl.ited the results 
into plant, tho English worll finished in the I'esearch 
laboratory. 

Ammonia Oxidation in America. 

In the ammonia oxidation plant, at iMnscle Elioals fsin) 
p. 214) there are six converter hon.ses and a meter room to 
each, the air being passsd by blowers throngh a .'tf-bait duet 
and raixed*with ammonia g.is by meters in t he ratio of I volume 
ammonia to 9 or in volunu's air. The mixing is performed i’*^ 
twelve mild-steel mixing tanks, s feet in diameter and ,'lli fe(T 
high, packed with fi-inch spiral I’ings, from which the gas jrasses 
to the converters. • 

There are four rows of 29 converters in each converter 
hoh.se, or 090 in all. spaced 5 feet apart. The gas enters at 
tho top through an iron pipe. 'I’hc body of the eonv(ut(ir is 
an aluminium box, rectangular in section. 14 inches by 2.S incheH, 
and 5 feet high. At Ihe. base is a single horizontal slieiO, f)f 
platinum wire gauze, of o-nn;! inch wir*^ and no me.shes to tlu^ 
linear inch, weighing 4-0 ounce.s troy. Each gauze is luxated 
by an 8-kilowatt transformer at 21 v<il(s ami ampen-s to 
about 750° 0. The converi.ed gas passes down through an 
iron cone attached to tlffi eonverfer bo'ly and along an iron 
pipe to a concrete fluo lined with aeid-rfisistiiig tills laid in 
acid-proof cement, leading to the coolers. Each converter 
produced 900 pounds of nitric acid per twenty-four hours. 

The high-teipperaturo coolcr.s consist of twenty-four hori¬ 
zontal steam iroilers at 25 pounds pressurb. In passing 
through the tubes the temperature of the gas is reduced from 

19 
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600® to 200° C. The gas then passes to low-temperature 
coolers, twelve of which are used, connected with the boilers 
by 30-inch aluminium pipes. Each low-temperature cooler is 
a rectangular brickwork chamber divided into five compart¬ 
ments by four walls which do not quite reach across, so that 
the gas is compelled to take a zigzag course. Suspended from 
the roof of each compartment are 140 tubes, 5 inches in 
djamotor and 7 feet long, in two compartments of stoneware 
and in three of silicon iron. Each tube has an outlet lip at 
tho top and an internal tube through which water flows. The 
gas is cooled on tho outer surfaces of these tubes to .30° C., 
and .some nilric acid is ootubrnsed, which drains oil to No. 3 
well of tho absorption system'. 

From the coolers the gas passes to twelve oxidation towers, 
IR foot square, of cheiniciil brickwork, each divided internally 
two walls into four comp.artmonts. Tho gas passes up one 
compartment, over the top of the dividing wall, down the 
next compartment, up the n(!Xt compartment, and down tho 
last. The practically fully oxidised gas now passes to tho 
!j.bsorption towers. All tho towers are housed. There are 
twenty-four absorption towers, 'M> feet square and 00 feet 
high, of brick, divided into four compartments as before. 
Tho first tower of each unit of two is half packed with 6-inch 
spiral rings and half with 3-inch spiral rings. The second 
tower is completely packed Avith 3-ineh rings. Water' is 
circulated in counter-current to the gas and 50 per cent, acid 
is recovered from tho towers. I'lio acid is pumped by air 
lifts, each siugliystago, throwing 50 gallons of acid per minute. 
One lift is provid('d for each compartment, or ninety-six in 
all, with twenty-four spares (see ,1. Oliphant, ilfef. mid Chem. 
Eng., 1020, 22, 40S). To accommodate these lifts there are 
120-iron wells, 12 inches in diameter and 10(t feet deep. The 
lifts consist of 3-inch aluminium pipe (which was not found 
satisfactory in England for nitric acid) with silicon-iron 
flanges. The towers also stand in aluminium saucers. Air 
at 100 pounds pressure is supplied by a 1-inch pipe, and the 
acid in each well section is cooled by water flowing in the well. 
Leakage of acid is indicated by a signal lamp lighting up 
owing to increased conductivity. Between the .two towers of 
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each unit is an aluminium fan, and after the second tower 
a similar fan exhausts the residual «as to the free air. The 
comprcs.sed air from the lifts is also discharged into the free 
air, which mu.st cause consideralile lo.ss of oxides of nitrog(‘n 
and acid spray. I’hc lowtu' acid |)a.ss('s to twelve alut)Muium 
weighing tanks on scales, and i.s diseh.arged to twelve storage 
tanks of acid hriek ani*l concrete, from w hich it is run otT liy 
a :t-inoh aluininimn siphon. W hen o|ieratmg at full ea.pa.eil.v 
the plant produces I’se tons of nitric acid per day. 


Oxidation of Ammonia in Solution. 

Numerous e.'cperiments lia\e liceii made with a view to the 
practical utilisation of tlu^ haeterial oxidation of ammonia to 
nitrateti. notalily liy IMunl/, and l.aimk of the I’asteiii'Institute, 
and hy Lundeii and 'riiorssell, of ,'Stockholm (see [). t'l). 

Th(! objections to ‘^ueli processes are llmir slowness, life 
space required for hamlling the (mormous hulk.s of tiiluto 
solutions obtained, and the large amount of fuel required for 
the ovapor.ation of Ihe latter. .Ammonia is much more easily 
oxidised to nitric acid by e.at.alytie metlio<ls. • 

During the progre.ss of the authors' work on a.mmonia oxida¬ 
tion for the .Ministry of Alunitions (Itllti-lill.s). the technical 
experts of the Explosives Supfilies 1 tep.'irt ment be(«ime greatly 
•inturested in a secret process for the oxidation of ammonia in 
solution which, according to vagina nqau'ts by benevolent 
ncutr.als and .American experts (rf. “ A Statement of the Action 
Taken and (!ontemi)Iate J.ookijig to the Eixation of Nitrogen,” 
Washington. 1 !)17), was “ wort by of very serious consideration,” 
and was eai)al)l(^ of giving a yield of loo per cent, as “dry 
ammonium nitrate,” Tim process worked out in this country 
was compared most unfavourably with tlu; imkiiown process 
by the “experts,” and elforts were made to .acipiire informa¬ 
tion from the Swedish inventojs on Jtasonable ti^ms. This 
was not found,possible, and when, hiter, the jirocess was dis¬ 
closed, the public had rea.son for gratilieation that a large sum 
of money had not been ollcretl in exchatig(! for the wonderful 
“ secret.” 
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Ammonia Oxidation in Sulphuric Acid Works. 

Towards tho end of 1916 the Nitrogen Products Committee 
came to tljo conclusion that the .ammonia oxidation process 
was well adapted, as an emergency measure, to securing 
quickly a considerable output of nitric acid or nitrates. 
Although already working more or less successfully upon tho 
Continent, the process had not at that time hecn operated 
in this country. Apart from a few obscure patent specifica¬ 
tions, there was no information availal)lo on which to base 
tho investigations which were then begun. 

A systematic investigation of tho process, was therefore 
undertaken by tho writers, associated, at various times, with the 
following chemists; fir. i'l. K. Kideal, .M.15.E., Mr. G. J. Jones, 
Dr. G. N. White, and iMr. 'I'. K. Browiison. 

As tho outcome of this research work, much useful informa¬ 
tion was eollocteil, and in March, 1 91 7, a conference took place 
at tho Munitions Inventions i)e[)artment, and was attended 
l)y representatives of manufacturers likely to b6 interested 
«.in ammonia oxidation. As the result, a small converter from 
tho laboratory was installed by Messrs. Prunnor, Mond and 
Company, in connection with tin; application of ammonia 
oxidation to tho mannfacturc of sulphuwc acid by tho chamber 
process, which forms the sul)ject of this section. iScvcral other 
manufacturers atso agnnal to take uj) the study of the process 
with a view to its commercial dovelo[)ment, and some of these 
have already erected plant and ct)nducted experiments on a 
fairly considerable scale; in ])articu]ar, types of apparatus 
for producing ammonia gas, which could not adequately be 
studied in the laboratory, have been designed and worked by 
the linns using the process. A small one, based on tho design 
of that used by tho United Alkali Company, was installed in 
the laboratory of the Alunitions Inventions Department, and 
gave excellent results. 

Tho experimental rvork in the laboratory was conducted 
throughout with converters of tho size actually used on a 
technical scale, and the results were therefore bfised on practical 
experience. Although many problems yefe. remain to bo 
solved, the successful operation of ammopia-oxidation ooh- 
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vorters over a fairly long period, under actual works conditions, 
has shown that^ the process is well adapted for the purpose 
described. 

A publication, which comprises an account of only a small 
part pf the research work carried out in the laboratory of tin? 
Munitions Inventions Department on the oxidation of ammonia 
and the production of nitrates, was first issued in December, 
1917, for circulation to (lovernment Departments, eontrolhjd 
firms, and Alli(?d (lovornments. As tin? outcome of further 
rosearoh, substantial rovi.sion was introduced into I ho now 
edition, which is now frenerally availalile. This ollicial 
publication is. entitled " Tiio.O.'i('alioji of Ammonia a|)plicd 
to Vitriol t’hambcr I’lants," .Mhiiitious lnv(?ntions Depart¬ 
ment, .H.M.,Stationery Olficc, price Is. .'irl. 

The research work carried out by the authors and their 
colleagues on the oxidation of ammonia tor tin? Mimitioiis 
Inventions Dej)artment is largely unpublished. It comprised 
the following investigations: 

Fir/il (lateral l/e/Hirt. 

(i.) Preliminary experiments with numerous catalysts, 
(ii.) Experiments with platinuui gauze catalyst. 

(iii.) Analyticarmethods. 

(iv.) Absorption towers. 

(v.) Use of lime as a solid absorbent (first .series of 
investigations) 

(vi.) Miscellaneous teciniical detaiks. 

Second (leiieral lle/iiirl. 

(i.) Influence of c.ompo.sil ion of air ammonia mixlur?? 

and flow rates on elliciency of oxidation. . 

(ii.) Analytical cotftrol of ammonia oxidation. 

(iii.) Use of liejuid solvi^uts for the absorption of oxides 
6t nitrogen. 

(iv.) Absorption of oxides of nitrogen in water and 
djlute nitric acid. 

(v.) Usotof solid absorbents for the oxides of nitrogen 
(second and third series of’investigations). 
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(vi.) Concentration of aqueous nitric acid by nitrogen 
peroxide. ^ 

(vii.) Direct preparation of nitric acid by refrigeration 
^ of converter gas. ' 

(Viii.) Absorption of oxides of nitrogen by alkalieg and 
alkaline cartlis, witli i)roduction of nitrates. 

(ix.) Absorption and drying of converter ga.s in sulphuric 
acid. 


Third Oci/crid Rcimrt. 

(i.) Stability of aminoniuni nitrile. 

(ii.) Direct prc])aration .of aminoniuni. nitrate from 
converter gas add ammonia: 

(a) Aqueous ammonia. 

(h) (iascous ammonia. 

(iii.) J’roductiou of ammonia from ammonium salts. 

(iv.) Tower packing and de.sign. 

(v.) Flow sheets and technical applications. ^ 

(vi.) Conference of acid manufacturers, and application 
of ammonia oxidation to sulphuric acid manu¬ 
facture. 

(vii.) Visits to factories. 

(viii.) Oxidation of ammonia ga.s" and solution with ' 
oxygen and with air enriched with oxygen. 

The information so obtained was, it is understood, commu¬ 
nicated by the Covernment to iVlessrs. llrunner, Mond, and 
(.lompany (see p. 178). An otlicial jniblication will shortly be 
issued by If.M. stationery Olfice giving an account of some 
of this work-. 

'I'hi! oxid(^s of nitrogen required to make good the losses 
in the catalytic process are sujiplii'd to the vitriol chamber in 
dilferent ways: (I) As ni)ric acid obtitiried in the gaseous state 
by the decomposition of sodium nitrate and sulphuric acid 
in pots placed in the flno passing from the pyrites burners 
to tho Glover tower (the so-called “ potting process”; (2) the 
introduction of ready-made liquid nitric acid , to the Glover 
tower; (.2) the* introduction of gaseous oxidos of nitrogen, 
NO, NjOj, and NOj,* produced in special apparatus by the' 
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oxiaation of ‘ammouia, to the Olovor or Gay-Lussac, tower 
or chambers. The last method is comparatively new, but has 
been employed with groat success in several works. 

The advantages elainied for the old potting [irocess, which 
IS still used in a large number of works, are as'follows: 'J'he 
chambers are not exjiosed to })os,sible damage from liquid 
nitric acid; the handling of liijm'd nitric acid is avoided; the 
separate preparation of liipiid nitric acid, which requires a 
separate plant, is rendered miiieee.s.sarv; the irregular evoliifion 
of nitric acid from the juds can be more or les i compensate 1 
by using several sets of pots .ind charging them in succession. 

Iho advantages claimed for tius u.se of li(|uid acid as com¬ 
pared with potting aro greatoeconomy (although exactly the 
opposite is sometime.s clainu'd); the greater regularity and 
control assured by admitting liipddaeid in a measured .stream; 
avoiding the introduction of false air into the ehamhers and 
escape of chamber gases vki the ]iotling apparatus; *the 
possibility of altering the pnqmrtion of n'tric acid supplied 
within ryde limits at short notice: and economy of sulphuric 
acid, since loss i.s used in making nitric acid in stills than in 
the nitre pots. 

The general conclu.sion is probably that the potting systimi 
and the use of nitric acid are inetty much on a level, hut that 
both are superseded by the new process of introducing gaseous 
oxides of nitrogen from the o.xidation of ammonia. 

The use of oxides of nitrogen, directly introduced into the 
chambers or into the towiTs, apjiears to bo the most 
rational method. Jn some ea.ses waste gases from other 
manufacturing procc.sscs, such a.s Iho jnejiaralion of arsenic 
acid, or ferric sul|)hafe, may he used, but such .sources of 
supply, although they may he cimvenient ways cjf usefully 
dispo.sing of nitrous ga.scs. will not ii.sually be regular enough 
for use in tho vitriol plant, Tlu^ mo.-t suei-c.ssful nmlliod is 
to generate tho nitrous gases (smtiTiuously by the oxidation 
of ammonia-. 

The first type of apparatus used in England for the purpose of 
supplying oxides of nitrogen to vitriol chambers was devised 
by the writers for the Munitions Inventions .Department in 
October, 1916. The Munitions Inventions Department eon- 
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verier (Plate XVIII.) is constructed in a standardised size of ap¬ 
proximately 4 inches by 6 inches internal section. It oonsistf 
of a body of aluminium in three segments, hating removable 
baffles between them, and an upper and a loWer cone, also o) 
aluminium, for exit and entrance of gases in the direction o) 
flow respectively, the whole being fitted together with asbestoi 
washers. Lugs are provided on the flitermodiate sections 
so that the complete convertor may be mounted on suitable 
supports. At the top of'the converter body there is a stoui 
flange, on which is placed the platinum gauze catalyst unit 
subframe. The writers have also used with success a con¬ 
verter of good quality enamelled iron (supplied by the Cannon 
Iron Foundry, Lilston, iStalTs). In this case, however, the 
whole must be warmed up before starting, as otherwise con¬ 
densate formed inside tho hood, containing traces of iron, 
runs down on the platinum, completely poisoning the latter. 
Oxide of iron is very poisonous to platinum in ammonia 
oxidation; the gauzo ceases to glow and ammonia passes 
through unchanged. » 

When electrical heating is employed, tho catalyst uni< 
subframe (Plate XTX.) is composed of tioo platinum gauzes 
made of pure platinum wire, diameter O'OliS mm., evenly woven 
in square mesh, 80 meshes per linear inch.. These gauzes arc 
mounted in insulating siqiports of mica and asbestos. The 
lower gauze has silver leads with terminals for the heatinj 
current, and is surmounted by an exactly similar insulated 
plain gauzo, tho two gauzes being stTctchod and hold separated 
by throe or four silica rods, f)-5 mm. diameter, evenly spaced 
and recessed into the mica. 'I’ho whole catalyst unit is 
screwed between two stout aluminium rings, having holes 
drilled so as to coincide wdth those in the flanges on the body 
and hood. Tho side of tho catalyst bearing tho stamped 
number should bo uppermost. 

When electrical heating” is not used, the catalyst consists of 
three or four platinum gauzes of tlio same dimensions as before, 
stitched together with pure platinum wire to form a pad. 
This pad is mounted as before, between asbestos washers in 
the two aluminium rings. , 

Over tho catalyst unit is placed the converter hood, 
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with a flaoge at the bottom for bolting tlirongh the catalyst 
subframe to the oonyerter body. At the top is a circular 
flange, on which is bolted a similar flange on a bend tube. 
An asbestos washer is inserted between these two flanges, 
and grmt care should he taken that no pieces of thh uv^ier fall 
upon the platinum catalyst. The mica (or clear silica) inspec¬ 
tion window is fitted th the side tube of the hood, with asbestos 
washers and the aluminium ring. 

The mixture of air and ammonia, filtered and purified‘as 
described below, in the proportions of 1 volume of ammonia 
to 7-5 volumes of air, is passed to the base of the convertor 
at a suitable rate— i.e., approximately ()-2 pounds of ammonia, 
or about 1,200 cubic feet of mixture, p' r s(juare inch of cross- 
section per twenty-four hours. 

The apparatus is started by switching on tlio electric current 
of about 6 volts, 300 ampere.s, and licating up the gauzes to 
Visible redness, l.'he mixture of air and ammonia is tflen 
admitted at a slow rate, until the catalysor is soon to bo tmt- 
formly dull red-hot (6.50° C.). then the rate is increased to the 
maximum, the current being reduced as necessary. Very 
little further attention is required for wc-cks of running. 'If 
the gauze gets too hot, the heating current, or tho proportion 
of ammonia in the lyixture, or both, sliould be reduced. 

When electrical heating i.s not employed (and a 3-gau^o 
catalyst therefore used), tlic api)aratus is started up by heating 
the gauze to redness by means of a liydrogcn or non-luminous 
gas flame inserted through t4ic window aperture. 'J'lic mixture 
of air and ammonia is turned on at the full rate, and when the 
reaction begins the heating flame is withdrawn and the window 
bolted into place. 

New platinum gauzes are somewhat inactive, and should 
first be “ activated ” by passing at a fairly slow rate a nfixturo 
with an excess of oxygea - say I volume of NIIj to 10 volumes 
of air—and putting on tho full currenf till the gauzes are heated 
to bright redness (about 800° to 9O0° C.). After an hour or 
two the platinum becomes activated, and tho white fumes 
of ammonium nitrite and nitrate leaving the converter (after 
cooling) change into clear refl fumes of oxides of nitrogen. 
When this occurs the current is redused and the ammonia 
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brought up to the ratio of 1 volume of NH 3 lo 7; 5 volumes 
of air. 

If no electrical heating is applied, the ordinary gas mixture 
is used from the start. .* 

If spots (ft'o observed on the heated gauze in working, and 
those do not rapidly disappear, the catalyst should be taken 
to pieces, the gauzes boiled in pure hydrochloric acid, and the 
unit reassembled. If the gauzes heat up unevenly it is usually 
a sign that too thin wire has been used in their construction. 
It is necessary during the activation that the whole surface 
of the gauze should bo uniformly heated. If cooler spaces— 
e.g., near the edges—are loft, these only very slowly become 
active on running. • 

As regards the working capacity of these converters, it 
may be taken that the oliiciency of conversion of ammonia 
to oxides of nitrogen with electric heating of the catalyst or 
prS-heating of the gas is about 90 to 95 per cent., or 87 to 
90 per cent, without electrical lieating or pre-heating, and the 
capacity corresponds with a maximum output oh l-S tons 
HNO 3 per square foot of convertor cross-scction per twenty- 
fohr hours. 

The mixture of air and ammonia supplied to the converter 
may bo produced in two different ways: . 

,( 1 ) By producing air and ammonia gas separatelyy and then 
mixing the same in the proper proportions in a suitable mixirig 
chamber. The mixing chamber may consist of an aluminium 
box with inlets for air and ammonia placed tangentially, and 
containing baffle plates. 

(9) By producing directly a mixture of air and ammonia 
gas by passing a stream of air through aqueous ammonia in 
a suitable apparatus. 

'I'h^ second method is by far the bettor, and wilt alone bo 
described. » 

The source of ammonia which may be considered in this 
connection is practically only purified ammonia'liquor, con¬ 
taining 29 to 25 per cent. NH,, “ free from sulphur.” This 
liquor is fed at the desired rate to an ammonia still, where 
it is mot by low-pressure steam blown in at the bottom, either 
directly or through coHs, and by a current of ^ir, Ammonia 
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gas IS liberated, mixed with the right proportion of air for 
oxidation, and, if tlio top of the column is kept cool, the gas 
is fairly dry.’ Moisture has no influence on the oxidation, 
but is liable to clsulcnse in I he liltors and itnj)air I lu'ir ellicienoy. 
Iron pipes joined with red len<l and oil may IH' us(¥l before 
the filters are reacheil, and lead or aluminiuin jiipes after the 
filtens, although lead’or aluminium is preferahle throughoul. 

In a type of apparatus designed by the Ihiited .\lkali 
ConipaiUy, the still is replaced by a fall coke fower. Sleain 
and air arc introduced as before, Imt the ammonia liijuor is 
introduced at a point two-fhirds tlie tieiglif of llu- fowiu’. ’file 
upper portion of the tower jjien I'cls as a cooler and gas filler, 
and no further filtration is required. 

The air is supplied from a lilowi'r under siiitahle pressure; 
this pres.siiro will dejiend on the lypi; of ajiparalns used for 
producing the ammonia, hut should not fall below ahont 
5 pounds per square inth. The air supplied to the converter 
.should ho pure and fnie from dust. ,'\fter the blower there 
should be a trap to eateli oil nuchanically carried over, A 
suitable meter for the air i,s an orifice me|,er. 

The filtering medium is glass-wool, free from ilust; it fliay 
require to be renewed abiait once a nionlh, so that a sjiare 
filter should he [wovided. if the ammonia gas i.s taken- 
directly from the generator, and is therefore saturated v,;ith 
moisture, a steam coil may lie introdueed into the filter, if 
ncee.ssary, to prevent condensation. 

The hot gases from I la' converter are conveyed tlirough a 
lagged aluminium main or. after some cooling, tlirough a 
pottery main, to tlie (llover tower, Imrm r pipe. dust, ealeher, 
or other suitalile point of entry, to the ehainlier plaiit. In 
this connection it is necessary to ensure 

(1) 'I'hat the temperalure .ilw.iys remains high eni^iigli to 
keep the water from nondeiising in the main, or oilier pa.rt 
of the system, where the nitric aidd contained in the condensate 
is not utiliisT'd. 

(2) 'That there is no pressure .such as would cause burner 
gas to pass back through the converter in case of stoppago, 
or, if there is such a pressure, that a liquiij seal trap is pro¬ 
vided. 
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A suitable cooler oonsilts bl a battery of three silica 8*jpipe% 
4 inches in diameter and 6 feet long, exposed to the free air; 

One feature of the ammonia oxidation process is its very 
uniform working, and unless very special .reasons make it 
impossible to run the chamber plant equally uniformly, it is 
desirable to take advantage of the uniformity in supply of 
oxides of nitrogen furnished by an amdaonia oxidation con¬ 
verter. This applies more particularly when a mixture of air 
and ammonia of uniform composition is to bo obtained in the 
apparatus described, which works very regularly when once 
adjusted, but would probably be somewhat troublesome if the 
rates of flow were constantly altered. If, however, it is found 
absolutely necessary to vary the supply of oxides of nitrogen 
within somewhat wide limits, there would bo no difficulty in 
running the converter at l.'i per cent, of its maximum output 

if the supply of ammonia could be suitably regulated. 

• 

The Economies of Nitric Acid Manufacture by the Oxidation 
, of Ammonia. * 

I»i consequence of the fact that large-scale ammonia oxida¬ 
tion plants have only been established during the war period, 
. it is difficult to get reliable figures as to the costs involved 
in giperating the process with modern types of plant. It may 
also be noted that these plants have been erected for the sole 
purpose of meeting military requirements, and questions as 
to economy in construction and operation have been matters 
of minor importance. 

As previously stated, the process may bo utilised for the 
production of dilute or concentrated nitric acid, and in con¬ 
sidering tho question of costs it is convenient to deal separately 
with tho different sections constituting a complete factory— 
namely: 

t 

Con’'‘3rtcr and absorption (dilute acid) section. 

Acid-concentrating section. 

Ammonia-producing section. 

The capital and yvorking costs are therefore set out under 
separate headings below» 
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Cd'piUil Cost of CouverUr and Absorption (Diluit Acid) 
Sections. 

Several figures were piiblish(!<l prior to the war concerning 
the^oost of small ammonia oxidation factories for producing 
dilute nitric acid (alt per cent.), and indicate a capital cost of 
the order of £10 per Ion of 1 £N( ), (calculated as loo per cent.) 
per annum {Imi and Coal Trades Ramea', May 2;!, 1913; 
Chemical Trade Journal, March 7. 19H; Die Vhemische'lnr 
dustrie, 1914, vol. xxxvii., p. 207). 

A' certain amount of additional information of more recent 
date has been collected bj^ the Nilrogi n Products Sub Com¬ 
mittee. • 

'r)ie principal itcni.s in the cost of an ammonia oxidation 
factory are represented by tho absorption towers and by the 
converters and tlie initial supply of platinum, as was shown by 
the previous figures. 

The evidence available to the Sub-Committee indicated that 
recours* need not bo had to costly granite towers ol tho type 
used in connection with arc furnace installations in Norway, 
and that stoneware towers of a much less expensive character 
can be employed. The utilisation of modern types of con- 
V(‘rter units having a largo output, amounting to, say, 300 tons* 
of HNO;, (calculated as loo per cent.) per annum, also leads 
'to a substantial reduction in tho cost both of the converter 
section itself and of tho initial supply of platinum. Definite 
evidence based upon qifttations at war prices is available 
on tho latter points as the result of tho research wci* carried 
out under the direction of tho ]'ix))crimcntB Rub-Committee. 

The figures for cost given show a considerable variation. 
As tho result, however, of a carefid o.xamination of all tho 
evidence under review, tho Sub-Committoe is of the^opinion 
that the capital cost*of the converter and absorption-tower 
seefions of a large-scale ammonia oxidation fac^y cmliodying 
the best lllodern features and having an annual output of 
dilute acid (63 per cent.) equivalent to, say, 10,000 tons of 
HNO 3 (calculated as 100 Mr cent.), should bo of tho order 
of £5 per naetric ton of KSlOa (calculatec^ as 100 per cent.) 
per annun) oiytho basis of pre-war co«ditions in this country. 
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This figure is equivalent to £22 -6 per metric ton of,combined 
nitrogen per annum, and has been provisionally adopted by 
the Sub-Committee. For the reasons previously specified, it 
must bo regarded as of a tentative character. ,• 

In arriving at a conclusion as to the probable cost, the 
Nitrogen Products (Jomniittcc took into account the cap'ital 
cost of the concoutrating section of an ar«-furnace installation, 
£5 per metric ton of UNO, (calculated as 100 per cent.) per 
anrJum. The primary product of the arc process is a dilute 
acid of 30 to 40 per cent, strength, as against an acid of about 
53 per cent, strength in the case of the ammonia oxidation 
process. The preliminary evaporating plant necessary in the 
case of the arc process for bringing the dilute acid to a strength 
of about 50 per cent, prior to treatment in the main concen¬ 
trating plant will thus not be required in the case of the acid 
obtained by the oxidation of ammonia. 

Taking this factor into account the Sub-Committee adopted 
a figure of £3 per metric ton of ItNOj (calculated as 100 per 
cent.), or £13- 5 per metric ton of combined nitrogen poj annum 
for the capital cost of the concentrating section of an ammonia- 
oxidktion factory of the scale of 10,000 tons of nitric acid per 
annum, on the basis of pre-war conditions in this country. 

• The total cost of the conversion, absorption, and concen- 
traiing sections of a largo factory would thus amount to £8 
per metric ton of HNO 3 (calculated as 100 per cent.) per annum,' 
equivalent to £36 per metric ton of combined nitrogen per 
annum in the form of concentrated acid. 

The probable capital costs of complete factories for producing 
dilute (50 to 53 per cent.) or concentrated (93 to 96 per cent.) 
nitric acid on a largo scale are obtained by adding the figures 
previously adopted to the cost of an ammonia-producing 
plant. _ 

It may be noted that an over-all ettbiienoy of 90 per cent, 
has been taken in respect* of the converter and absorption 
sections, thus necessitating an ammonia sectioiT'having a 
capacity of 0-3 metric ton per unit capacity of the dilute niiric 
acid section of the factory. In the case of a factory for 
producing concentr/ited nitric aci(]j, allowance has, been made 
for a margin of 3 per co«it. in the capacities oi^the ammonia 
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and dilute acid sections, in order to compensaie fpr losser of 
combined nitrogen during the concentrating stage. 

The Sub-Committee is of the opinion that the working costs 
of the converter and absorption sections , of a large-scale 
ammonia-oXj'dation factory embodying the best modern 
features should not exceed £2 per metric ton of HNO3 (calcu¬ 
lated as 100 per cent.) in the form of-dilute acid, or £9 per 
metric ton of combined nitrogen. 

“This figure represents the costs of conversion upon the 
basis of pre-war conditions in this country, and is inclusive 
of amortisation at the rato of 10 per cent, on the tentative 
capital cost previously adopted. It is exclusive, however, 
of interest on capital and oL losses of ammonia during the 
conversion. 

Cost of Concentrating Dilute Acid .—In consequence of the 
absence of any body of waste heat in the gases resulting from 
the oxidation of ammonia, the concentration of the dilute 
acid has to be effected by the employment of fuel. The costs 
are therefore likely to be somewhat greater than in the case 
of the arc process, although the dilute acid from the latter 
prccess is weaker than that obtained by the ammonia-oxidation 
process. 

Taking into account the corresponding costs in the case of 
the arc process, the Sub-Committee considered that an allow¬ 
ance of £2-5 per metric ton of HNO3 (calculated as 100 pCr 
cent.), including amortisation at 10 per cent., would be reason¬ 
able for a large-scale plant upon the basis of pre-war conditions. 

Th.''_{;quivalcnt value per metric ton of combined nitrogen 
is £11-25, thus bringing the total working costs for oxidation 
and concentration to £20-25 per metric ton of combined 
nitrogen or £4-5 per metric ton of HNd.i (calculated as 100 per 
cent.) in the form of strong acid, exclusive of interest on 
r-OTital and of losses of ammonia. , 

The table on p. 305 indioatos, in a comparative manner, the 
estimated iTbsts of manufacturing dilute and concentrated 
nitric acid on a large scale from synthetic and by-product 
ammonia on the basis of pre-war conditions. 

In the case of synthetic amm^ia, the figures represent the 
estimated rmnufacturing^costs inclusive of losses. 



ESTIMATED; PRODUCTION COSTS OF NITRIC ACID. 


THE OXIDATION OF AMMONIA 


V 

Si 


I' 


Tl • 


pS i' - 
^ A ■* 

g o •( 

I 


C O 




2 r 

Ci,o g 
-5 t- .« 
o -S 




O CO 


T/i cc! 

S 'C 


■ rrt ^ 

^ -2 S o 

S ^ »H d 


fS 
a 


S g § i 

j p ^ U,., 

i 5 -2 § o 




* « o 

i <u Si 


h; • 


<?? CO lO 
r| JO 9 O 
'■f rh Ci rx) 
»6 >0 -di 


CO CO O CO 
O CO -< CO 
01 6 


.2 
» ! 
o .. 4 I 

i S &‘l? 

rS 


^ OJ ^ o 
01 01 01 ^ 
y '4< c*l <w 


a 

b 

o 

. ^ 


o s T 9 O 9 

b £2 CO CO 0<l 

0- S ‘=+1 '♦i 

I Q lO 


g' 


10 CO 


CO JO 

'CC Ci 


13 O 

o o 

«8 •" 

lag 

■-1 “ 

I si 

sfi S 

= : H 


3or.' 


® A 


i t« 

Cu o 
M o 
o 


!i 

P o 


O o 
w 


ZJ 

■S M 

rt «) 

g P 


o >, 

"Sh 


V7 0^ 

P to 

aS 

0 ) ■<-* 

11 

05 3 

1 ' 

bo*© 


5^2 

m 


^11 


20 





300 THE NITROGEN INDUSTRY 

I r. ' 

In tho case of by-product ammonia, the figures have Jjben 
derived from tho pre-war market value of sulphate, and an 
allowamu! of £7 per ifietric ton of ammonia has been added 
for tlie cost of concentration and purification. Account haw 
also been taken of tho loss of ammonia, amounting to 5 per 
eont.,‘duriiig the working up of the crude liquor. 

The over-all eliiciency of the conversion and absorption 
sections has been taken at 9n per cent., involving the employ¬ 
ment of 0-3 metric ton of ammonia per metric ton of HNOj 
(calculated as KK) per cent.) produced. Account has also been 
taken of the loss of ammonia, amounting to 5 per cent., during 
tho working up of the crude liquor. 

Tho cost of manufacturing con"''ntratcd (90 per cent.) nitric 
acid in this country from (tiilc nitrate by the retort process 
amounted to about £32-33 petr metric ton of HNO 3 (calculated 
as 100 per cent.) under pre-war conditions. 

The Manufacture of Synthetic Nitrates. 

A brief indication will be given of the manufacture of 
nitrates, such as calcium nitrate and sodium nitrate, from tho 
dilute acid obtained by the oxidation of ammonia. For this 
ptirposc use will bo made (jf tho relevant figures dealing with 
the manufacture of nitrate's by means of the arc process. 

d'ho plant requin'd for the conversioii of dilute acid into 
calcium nitrate (13 per cent. N) and for packing the product 
entails a cajiital outlay of £22-5.5 per metric ton of combined 
nitrogen per annum, or £2-93 per metric ton of nitrate 
(13 per cent. N) per annum, for a large-scale installation. 

TTi'd* Capital outlay would probably be somewhat lower in 
connection with the manufacture of sodium nitrate, owing 
to tho packing installation being of a less elaborate character. 

Tho following table indicates the probable over-all capital 
costs'of large-scale factories for manufacturing calcium nitrate 
by ammonia oxidation. The figures are obtained byi^adding 
the capitrl 2 ost of a nitrate section per metric ton of combined 
nitrogen per annum to tho corresponding capital'cn?ts of 
factories for producing dilute nitric acid as given. No allow¬ 
ance has been made for the small loss of combined nitrogen 

involved in tho conversion of the dilute acid info nitrate. 

0 
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£ per Metric 7'on per 


1 Aimum. 

Nature of A fmyionia-Prndnnng flection of 



('nlcium Nilrnle. Farfori/. 

Nitrate 

Comhiiml 


(13 per Cent. 
Nitrogen). 

Nitrogen. 

By-prodmt ammonia {plant for — 

f 

-%— 

£ 

{a) Cnido liquor .. .. .. .. .. 

7-96 

61-25 

(6) Concentrated liquor .. .. .. .. 

7-20 

55-86 

Cyanainide ammonia (installation for jiroducing 
by continuous cyananiidffTlrocess)— 

(a) Complete carbide-cyanamiflo and ammonia 



soctiona with power section at .€10'2(> per 
* kilowatt demanded 

13-67 

105-13 

(5) Carbido-cyananiido and aiurnoniii sections 



(ca;*powep section) .. 

10-,')7 

81-33 

(c) Cyanamide conversion section only ((^yana- 


• 

mido purchased) .. 

6-74 

61-85 

Haher amnmna (installation for producing) 

12-87 

99-05 


Owing to the lack of any body of waste heat from ^he 
gaseous products of the ammonia-oxidation process, tho 
evaporation of the nitrate solutions will have to ho effected , 
largely by tho use of fuel.* 'I'lu^ dilute acid has a .strengtli^of 
Shout r).3 per cent,, ,so that a[)])roximately 1 ton of water has 
to bo evaporated for every ton of HNCb (calculated as 100 per 
cent.) neutralised. Assuming tho u.so of open evaporating- 
pans, the fuel requireincnts will amount to about 0-17. ton, 
and the cost, with fuel at £0-5 per ton, to £o-08,') per ton of 
HNO 3 (calculated as lOO per cent.) neutralised. If vacuum 
evaporating-pans were employed, tho fuel requirements would 
be substantially lower. 

If allowance is made f^r a loss of combined nitrogen amoutti" 
ing toKibout 2-6 per cent, during thtf conversion of dilute acid 
into calgiunj nitrate, every metric ton of UNO,, |(:Sculated as 
KMU-vier cent.) neutralised yield.s 1-67 metric tons of nitrate 
(13 per cent. N). Tho charges for lime and limestone (£0-202) 
and for casks'for packing the firoduct (£1-25) will bo the same 
- .S(5o, however, reforoiico ore p. 277. 
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as in the case of the are process, but an increased allowanc"^f, 
say, £0-76 per metric i^n of nitrate must be made” in respect 
of labour, repairs, expenses, and depreciation, on account of 
the extra labour entailed by the use of fucj for evaporating 
purposes, flaking into account the cost of the fuel (£0-085 
per ton of HNOj neutralised), the total working costs 
amount to £2-2.'),‘l per metric ton of calcium nitrate (13 per 
cent. N). 

The table given onp. 309 indicates the estimated production 
costs at large-scale nitrate factories comprising ammonia- 
oxidation sections for manufacturing the dilute nitric acid. 

Sodium Nitrate .—Allowing for a loss of about 2-5 per cent, 
as before, every metric ton of H'NOj (calculated as 100 per 
cent.) neutralised will yield I'39 metric tons of sodium nitrate 
(15-6 per cent. N). The charges for soda ash at £3 pc!r ton 
(£1-816) and for bags (£0-25) will be the, same as in the case 
of the arc process, and an increased allowance of £0-76 per 
metric ton of nitrate will be taken, as before, for labour, 
repairs, expenses, and depreciation. Taking account of the 
cost of fuel (£0-085 per metric ton of HNO 3 neutralised), the 
total working expenses amount to £2-870 per metric ton of 
sodium nitrate (15-0 per cent. N). 

The pre-war mtrhet price of calcium nitrate in this country 
amounted to £9-75 per long ton, or £3-59 per metric ton, 
equivalent in the case of a nitrogen content of 13 per cent, 
to £73-8 per metric ton of combined nitrogen. 

The pre-war market price (aycrage 1911-1913) of Chile 
nitr^-tc amounted to £10-52 per metric ton, or £67-21 per metric 
ton of combined nitrogen. 

Ammonium Nitrate, NHjNOs. 

Prior to the war the manufacture of ammonium nitrate was 
% 

'v^rried out only on a comparatively small scale, on account 
of the limited applicatioiis of the material to industrifl pur¬ 
poses. Considerable attention has been given to the possibility 
of utilising ammonium nitrate as a fertiliser on account-cf its 
high content of nitrogen (35 j)er cent.), and the consequent 
economy in packing and transport. The endeavours hitherto 
made in this direction however, have not w-holly succeeded in 
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overcoming the drawbacks due to the solubility and do®-' 
quescent properties of the nitrate. * 

As a direct outcome A the enormous demand for explosives 
under war conditions and of the limitations governing the 
manufacture of trinitro-toluene, the ammoniuih nitrate industry 
assumed a position of outstanding importance during the war 
period. The high-explosive .shells used Jjy the Rritish Army 
were filled with a mixture of SO parts of ammonium nitrate 
and 20 parts of trinitro-toluonc (T.N.T.)'. 

The normal method of making the nitrate by the neutralisa¬ 
tion of dilute nitric acid with ammonia was found to be unsuit¬ 
able for coping with the demand, and other methods dispensing 
with the necessity for the prclimirrory manufacture of nitric 
acid were therefore resorted to. 'From the economic aspect 
some of the new proce.sses can only be regarded as war emer¬ 
gency measures. 

Tlje following is a brief summary of the various methods 
of manufacture that have boon employed in this country: 

By Direct Union of Ammonia and Nitric Acid.— Yor this 
method the dilute acid obtained by means of the arc' process 
or tjio ammonia-oxidation process is well adapted. If by¬ 
product ammonia is employed, it must bo freed from sulphur 
and pyridene, and other impurities, in order that the resulting 
ammonium nitrate may be sufticiently stable for explosives 
purposes. 

The process is a simple one, but the corrosive action of the 
nitrate solution upon most metals leads to heavy wear and 
tear of the evaporating-pans. To prevent rapid corrosion of 
the ironT-Mns, a .slight excess of ammonia had to be maintained 
in the liquid, loading to l(}ss by volatilisation. 

A modification of the prt)cess was devised whereby the 
necessity for evaporation is avoided. Gaseous ammonia is 
uassed into strong nitric acid under such conditions that 
neutral ammonium nitrate is formed,’ the heat of reaction 
driving off .“^totically all the water and melting the solid 
product, which can be run off and allowed to solidify. .The 
pan corrosiKi is heavy, and the process is attended with 
appreciable loss. 

By the Interaction of Calcium Nitrate and Ammonium Car- 
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bon^e .—This reaction proceeds readily, the purity of the result- 
. ing ammonium nitrate depending upo^ tliat of the orignial 
^ calcium nitrate. The latter can bo obtained by the neutralisa¬ 
tion of dilute acid ;vith limestone, as in the arc process, or by the 
double decomposition of Chile nitrate and calcium^chloride: 

2NaN03-fCaCl2 <—* Ca(N03)2+2NaCl (precipitate). 

By ModififCation of the,Aminoni(i-Sod^i I’rocess. —'J’he ordinary 
ammonia-soda process (p. 170) is modilied by sub.stituting 
Chile nitrate for sodium chloride, the ammonium nitrate being 
separated from the liquor by evaporation after the removal 
of the sodium bicarbonate, 't’cclmieal dilliculties have been 
encountered in connection "vith .the conversion ratio of (!hilc 
nitrate to ammonium nitrate, in the separation of the latter 
from the sodium bicarbonate, and owing to the accumulation of 
impurities in the mother liquor. 

By Ike intemetion of (Jhilc Nitrate and Ammonium Bulphaii: 
2NaN03 -f (NHjljfciOj -“I'NH^NOa-l-NaoiSOi.—The successful 
dcvelopm(;nt of this method of manufacturing ammonium 
nitrate by double decomposition was Ttccomplished after a 
detailed examination of the soluliilities of the reaction products 
and of the temperatures necessary to ju'eveut the formation 
of double salts. It may be noted that the process involves 
the loss"«f sulphuric acid, which goes to waste in the form of 
sodium sulphate. * 

The new methods de.sci'ibed above involve, in general, 
reactions which proceed to iin eiiuilibrium, thus resulting in 
losses of the combined nitrogen of the initial reagent, and also 
leading to difficulty in the s(q)ara1ion of ammonium nt?rate of 
the re(piisite degree of purity. 

The Eeonomics of Ammonium Nitrate Manufacture.- In 

dealing with the question of costs, it is convenient to remember 
that ammonium nitrate contains ammonia nitrogen and^ntrm 
nitrogiJi in equal proportions, 'f'ho »ost of a ton of combined 
nitrogeuin the form of ammonium nitrate is ther^o#e equiva- 
lewlrto' the added costs of half a ton of combined nitrogen in 
the form of ammonia, and of half a ton in the forfh of dilute 
nitric acid, together with the c(?st of neutralising, evaporating, 

• etc., and with an allowance for losses dujing tlfe process. 
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In considering the probable cost of a large-scale m-i'ate 
plant upon the basis ^of pre-war conditions in this country, 
account has been taken of the fact that the manufacture ol 
ammonium nitrate was a minor industry prior to the war, 
The Sub-Committee is of the opinion that a figure of £7 pel 
metric' ton of combined nitrogen per annum, or £2-45 per 
metric ton of ammonium nitrate per annum, should be adequate 
for the pre-war capital cost of a large-scale ammonium nitrate 
section, including provision for storage of a certain amount ol 
ammonia. 

It is obvious that many variations are possible in respect 
of the nitric acid and ammonia sections of a complete am¬ 
monium nitrate factory. Eor e^iSmple, the nitric acid may 
bo obtaineel from Chile nitrate plant, an arc-furnace installa¬ 
tion, or an ammonia-oxidation plant, while the ammonifi, may 
be synthetic or may be obtained from by-product sources or 
from cyanamide. 

'I’he table on p. 313 deals with a few of the more important 
variations, and indicates, in a comparative manner, the 
probable order of tiie over-all capital costs of large-scale 
factories on the basis of pre-war conditions. It has been, 
assumed that ammonium nitrate of a iiigli degree of purity 
would be manufactured, thus involvitig the use of purification 
plant for the ammonia when the by-product source.,is relied 
uf)on. 

The figures indicate that the capital outlay is largo in the 
(iasc of all the purely synthetic processes. In the case 
of an ammonia-oxidation plant utilising by-product ammonia 
or pro'v'fdcd with a cyanamide conversion section only, the 
capital costs are much lower, and are on a parity with those 
incurred if ammonium nitrate i.s manufactured from Chile 
nitrate and by-product ammonia. In the two latter cases 
no account is taken of the capital necessary to froduce the 
cliile nitrate or the by-product ammonia. 

The no^uTalisation process is a comparatively simple one, 
and, judging by analogy with other manufacturing operations 
of a similai'^character, the conversion costs should not be very 
large, apart from the question' of repairs. The latter item is 
likely to be fairly heavy, on account of the corrosive action of 
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the solution on the evaporating-pans. As the result ofAi, 
careful examination of all the evidence available, thdNitrogen 
Products Sub-Committifo adopted the figure of £1-65 per 
metric ton of ammonium nitrate as likely to bo incurred 
under pre-war conditions in the working tJf a large-scale 
plant. The ffguro is equivalent to £4-71 per metric ton. of 
combined nitrogen, and has been taken as exclusive of any 
allowance for losses of combined nitrogen during the con¬ 
version, or of interest on capital. ’ 

The employment of fuel would bo unnecessary in the case 
of the manufacture of ammonium nitrate at an arc-furnace 
installation, as the waste heat from the furnace gases would 
more than suffice for evaporating- purposes. The saving 
effected would probably reduce the cost of conversion to about 
£1-5 per metric ton of nitrate, or £4-28 per metric ton of com¬ 
bined nitrogen. This tentative figure is utilised below in 
dealing with the over-all production costs at an arc-proccss 
plant. 

The table on p. 315 is on the lines of that given previously 
in connection with capvt.J costs, and servcis to illustifate the 
probable order of the over-all production costs at large-scale 
ammonium nitrate factories. * 

According to the evidence available, the losses of combined 
hitrogen during the neutralisation process as'e not very large, 
but an allowance of 2-5 per cent, has been included in the . 
figures given below. It has been assumed that a pure product 
is manufactured, thus involving a charge for the purification 
of by-product ammonia when this source is relied upon. 

It is ifitwesting to observe tliat processes depending upon the 
use of Chile nitrate or by-product ammonia are characterised 
by the highest production costs and compare unfavourably 
with the purely synthetic processes. The influence of cheap 
ammonia from which cheap nitric acid can be obtained by 
meafSas of the ammonia-oxidation process’is shown to a marked 
degree. 

The 'pre-imr market price of ammonium nitrate amourj,ted 
to £36-76 per .rang ton, equivalent to £35-18 per metric ton, 
or £100-6 per metric ton of combined nitrogen. 
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316 PBODttCVION COSTS OF NITROGEN COMPOUNDS: FACTORY 
. A SPECIFIED, EXCLUSIVE OF ROYALTIES ANDJ.IKE 
■ NITROGEN IN 

. ..- 


Initial Proce«|or Product (with Explanatory Notes). 


By>Product Ammonia: 

Col. (1^. MarKct value. Value of liquor ! 

based, on value of sulphate with 
allowance for added market value 
of pure aminoiiia spirit. 

„ (2). Market value. 

*"»» (4), (5), (6), (7), (8). Via ammonia-oxi¬ 
dation process; value of crude 
liquor as in (I), with allowance for 
cost of purification. In the case of 
synthetic sodium nitrate (Col. 7), 
soda ash is taken at £3 per metric 
ton. ' 

TTohop PrnpMfi * 

Col. (4), (5), (6), (7), (8). Via ammonia-oxi¬ 
dation process. In tho case of 
synthetic sodium nitrate (Col. 7), 
soda ash is taken at £3 per metric 
*' ton. 

Cyanamide Process (Continuous): 

Col. (1), (2). Inclusive of cost of carbide- 
cyanainide sta^j^^o 

,, (3). Haw cyanamide, uiiiiacked ami ex- 
* elusive of (!Ost of aftcr-tn^atim^nt. 

„ (4), (5), (G), (7), (8). Via ammonia-oxida¬ 
tion process, including cost of 
carbide, cyanamide, and ammonia 
stages. Li tho ease of synthetic 
** sodium nitrate (Col. 7), soda ash 

is tak<m at £3 per metric ton. 

Aic Process: 

Col. (G), (7), (8). Inclusive of costof prodijeing 
dilute nitric acid, in the case of 
synthetic sodium nitrate (Col. 7), 
•' soda ash is taken at £3 per metric 
ton. 

„ (8). Value of by-product ammonia used 
for neutralisation based on market 
value of suli)hate (average 1911- 
1913), with allowance for cost of 

4 ^ purifying concentrated ammonia 

liquor. 

Chile Nitrate: ^ 

Col. (5). Fa'Utory costs in United Kingdom 
based on market value of Chile 

,, (7). Market value. 

,, (8). Inclusive of cost of dilute' ackf and of 
by-product ammonia for neutrali¬ 
sation. V^luo. of ammonia as 
under Arc process (Col. 8). 


Based on pre-war (average 
1911-1913) market value 


Based on lowest known 
market value (1897) .. 


“ Probable ’ 


With power (steam-gou- 
crated) at u3*75 per 
kilowatt-year .. 

With power at £3*0 per 
kiiowatt-year .. 

With water power at £2*0 
per kilowatt-year 

With water po\w»i at £1*2 
per kilowatt-year 

With power (steam gen¬ 
erated) at £3*75 per 
kilowatt-year .. 

With power at £3*0 per 
kilowatt-year .. 

With water power at £2*0 
per kilowatt-ysar 

With water power at £1*2 
per kilowatt-year 


Based on pic-war (average 
1911-1913) marketwalue 


Based on “lowestpossible” 
market \alue ... 
Based on war conditions, 
market value in 1916 .. 
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PAYMENTS (£ PER METRIC TON OF COMBINED. , . V 

FORM SPECIFIED). • ’ , 

,-,. V--- 


1. 

• 2. 

3 . 

|. . . . 

4. 

6. 

(5- 

7 . 

»■ 

Pure Am¬ 
monia as 
Liquor 
(20-20 per 
Cent. Nila). 

Animunlum 
fjulpluito 
(‘>r»pnr • 
Coot. NH 3 ) 

! (Packed). 

Calcium 
Cyanamido 
(PMllOpcr 
Cent. N) 
,(Raw), 

% 

Nitric 

Acid 

(Dilute). 

■ Nitric « 
Acid ' 

' (Ooiiccii- 
4:rated). 

Oalcliiin 
' Nitrate 
(Klpcr 
Cent, N) 
(l’ackc<l), 

Sodium 
Nitrate 
i(lf>-»-l.vr.,^i 
ilwrCent. N) 

1 (1‘ackcd). 

Aiiuuoiilum 
Nitrate 
( 3 :. per 
Cent. N) 
(UiqMckcd 

61-69 

66-10 


76-19 

89-72 

95-31 

> 

1 

1 96'50 

74-72 

32-40 

36-84 

- 

42-12 

54-63 

60-45 

1 

61-60 

41-55 

1 


j- 

j 




20^04 

} 29-29 


31-95 

44-16 

50-00 

51-18 

31-66 

18-90 

27-55 


30-01 

42-16 

48-08 

49-19 

29-77 

j 

0 
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29-36 

38-01 

24-04 

41-62 

54-12 

61-09 

41-09 

■■ 27^79 

36-44 

22-56 1 

39-91 

52-36 

58-15 

59-34 

39-40 

25-71 

34-36 

20-59 j 

37-57 

49-95 

55-77 

56-94 

37-13 

24-03 

1' 

32-68 

, 19-01 j 

35-73 

48-05 

63-92 

i 

56-05 

35 -S 4 

_ 


i 

! 

42-80 

51-80 

58-83 

60-31, 

57-18 


— 

— 

38-50 

45-50 

62-37 

63-84 

53-95 

- 

■- 

- 

1 

28-08 

i 37-08 

43-76 

45-22 

49-63 

.t 

- 


21-35 

30-35 

t 

38-86 

38-32 

48-’.8 " 

* • 

t 

- 

- 


100-48 ; 

1 


67-21 

84-56 

J- 

_ 

1 . _ 

i 

i 

: 76-98 

—.1 

44-02 

1 

0 


— 

L- 

132-84 

'T 

100-87 

- 



SI’S pRODlteriO^ C»STS OF NlTBOflEN COMPOUNDS: FACTORY 
- . ' , SPJECIFIED, EXCLUSIVE OP ROYALTIES. ANP LIKE 
^ ' ' IN'FORM 


Initial ProcONfi or I'rodnct (wltli Explanatory Notes). 


By-Product Ammonia: 

Col.(l). Market viiluo. Value of m/i/tUiquor 
baHotl on value of Hulphato witli 

- allowance for added market value 

of pure ammonia Hjurit. 

„ (2). Market value. 

„ (4), (5), ( 6 ). (7)» ( 8 ). Via ammonia-oxida¬ 
tion procosa; value of erndr liquor 
as in ( 1 ), with allowance for cod 
of pnrilication. In the case of s\m- 
thetie .sodium nitrate (Col. 7), soda 
ash is taken at £3 per metric ton. 
Haber Process: 

Col. (4), (5), ( 6 ), (7), (B). Via ammonia-oxi¬ 
dation proiicsH. In tlic (lase of syn- 

< thetic sodium nitrate (Col. 7), .soda 

ash is tiikcn at £3 per metric ton. 

Cyanamide Process (Continuous): 

Col. (1), (2). Inclusive of cost of carbide- 
cyanam ido ‘-i'C.s. 

- (3). Raw cyanamide. Extra co.st of 

after - treatment and packing 
amoimt.s to about £0*75 tou. 

,, (4), (5), (0), (7), ( 8 ). Via ammonia-oxi-! 

datii’in prooe.ss, including cost of 
carbide, cyanamide, and animo- 
nia stages. Ti\ the case of synthe¬ 
tic sodium nitrate (Col. 7), soda, 
ash is taken at £3 per metric ton. 

Arc Process: 

Col. ((5), (7), ( 8 ). Inclusive of cost of pro- 
. ducing dilute nitric acid. In the 
case of syntlietic sodium nitrate 
(Col. 7), soda ash is taken at £.3 
per metric ton. 

»> ( 8 ). Value of by-product ammonia used 

for neutralisation ba.sed on mar 
ket value of sulphate (average 

* 1911-1913) with allowance fot 

cost of purifyinf^ concentrated 
ifan.-nonia liquor. 

Chile Nitrate: 

Col. (5). Eacto^' e sts in United Kingdom 
lr.tcjod on market value of Chile 
nitrate. 

,, (7). Market value. 

„ (8). Inclusive Crf cost of dilute acid and of 
by-product ammonia for neutrali¬ 
sation. ^^alue of ammonia aa 
under Arc process (Col. 8). 


'Based on pre-war (average 
1011-1913) market value 


Based on lowest known 
market value (1897) .. 


“ Probable ” 
T(3at{itive .. 


With power (steam-gen¬ 
erated) at ''£3'75 per 
kilowatt-year 

With power at £3*0 per 
kilowatt-year 

With water power at £2*0 
per kilowatt-^car 

With water power at £1*2* 
per kilowatt-year ..; 


With power (steam-gen- 
cratod) at (£3-75 per 
kilowatt-year .. 

With power at £.3*0 per 
kilowatt-year .. 

With water powbr at £2’0 
per kilowatt-year 

With water power at £1*2 
per kilowatt-yeaT*^ 


Based on pro-war (a^'erag&j 
1911-1913) market value 


Based, on “ lowest posuible” 
market value .. 

Based on war conditions) 
&arket value ifi 1916 ., 





co&rs OF UNPACKED PKODUCTS UNLESS CiTIERTISE i 319 '’ 
PAYMENTS (£ PER METRIC TON OF PRODUCT, 

SPECIFIED). I ■ 


1. 

Pure Am* 
tnonia 
(calculated 
iWlOO per 
Cent.) ns 
Liquor 
(•>0-*'.'’. per 
. Cent. Nil::). 

.2- 

Amtiioniiiiii 
Snipliuti) 
(‘2fi per 
Coiil. Nils) 
(I’ac.kcil).' 

3. 

Crtlctuiu 

Cyauamidt 

(!)*',') j)(.v 

(.k'lit. N ( 

'• (Haw). 

4. 

HNO;,(cal 
culHlcd a.H 
100 per 
(A!iit.)n.H 
Milritu 
Ai-id. 

5. 

UNO., (cii 
ciilatod HA 
100 per 

#Oe)it.).'iH 

Coiii-onlra* 

tod 

6. 

Calcium 
Nitrate 
(ill per 
Cent.. N ) 
(Packo-l). 

7. 

Soillnm 
Nitrate 
(lO'iJ-P'i'ii.’) 

]M!r(,!cnt. N 
(Packed). 

» « 

,8. 

Aminoninm 
Nitrate 
(?.:> por 
Cent. N) 
(Uniiackod). 

50.74 

13-61 

• 

t 

18-93 

19-94 

12-39 

15-05 

26-16 

oe-eo 

7-38 

- 

9-36 

• • 

12-14 

7-86 

9-61 

14-64 

1700 

803 


7*10 

9-81 

8-50 

7-98 

11-08 

15-W 

5-67 

» 

*>• 

6-67 

9*37 

% 

6-25 

7-67 

ll)-42 

24-18 

7-83 

4-69 

9-25 

12-03 

•‘7-79 

9-53 

14-38 

29-89 

7-50 

4-40 

8-87 

11-63 

7-66 

9-26 

13-79 

21-18 

7-07 

» 

4-01 

8-35 

11-10 

7-25 

8-88 

12-99 

19-79 

6-73 

3-71 

7-94 

10-68 

7-01 

8-59 

12-37 




9-51 

11-51 

7-65 

9-41* 

20-01 

~ J 

— 


8-11 

10-11 

6-81 

8-40 

18-88 


' 

-- 

6-24 

8-24 

5-69 

7-05 

17-37 


• • 

• 

4-74 

6-74 

4-79 

5-98 

1^16 

{ 

- 

- 


22-33 

-*^-52 

i 

29-59 

__ 

— 

— 

_ 

16-88 > 

- 

6-89 

— 

— i 

-a- 


- 

29-52 

• 


- 
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CAPITAL EXPENitiTURE FOR OPERATING NITROGEN FIXATION 
LIKE PAYMENTS (£ PER METRIC TON OP .COMBINED 


t 

Initial I’ro<! 0 fl 8 or rro<liu:t(wlth l*'xpluiatory Motes). 

' ». 

By-Product Ammonia: 

---— --. 

Ool, (1). Plant for oonocTitratmg aiul/or purl- 

Utilising crvde gasworks 

tying- 

liquor 

„ (2). Plantforlixingpuro strong ammonia, 


with sulphuric acid section. 

,, (4), (5). Asin (1) with ammonia*oxidation 

Utilising concentrated gas 

plant. 

liquor 

,, (6), (8). Aa in (4) with nitrate section. 

Haber Process: 

Col. (1). Ammonia factory including hydfogen 
and nitrogen sections. 

„ (2). Aa in (1) with fixing plant including 
sulphuric acid section. 


„ (4), (5). As in (1) with ammonia-oxi<la- 

“ Probable ” cost 

tion section. 

(6), (8). As in (4) with nitrate section. 

Syanamide Process (Continuous): 

.. 

Col. (1). Complete with carVidc-cyananiide, 
ammonia ct^.Ofsion, and steam 
power sections. 

(2). As in (1) with fixing plant incliidingl 

Chemical section only 

sulphuric acid section. i 


(3). Complete with carhide-cyanamule 1 

Steam power section only 

and steam power sections. i 

at £10*26 per kilowatt 

1 

(4), (5). As in (1) with ammonia-oxidation 

demanded 

a. 

section. 

„ (6), (8). As in (4) with nitrate section. 

Arc Process: 

Col. (f>), (^)' As in (4) with nitrate section. 

„ (8). ,With addition of jilant for preparing 

Total 

Chemical section only .. 

pure ammonia from concentrated 

Steam power section only 

gas liquor. 

at £10*26 per kilowatt 

Chile Nitrate ; 

C«.'. (7). Fiictorv and nitrate gvouiuls in Chile, 

demanded 

Total 

Factory in United King- 

including shipping-for marinating 

dom .. . 

^roeiact in Europe. 

„ (8). Nitric acid factory in United King- 

Factory 'and - nitrate 

don,i.t”;Vh sulphuric acid section 

grounds in Chile, in-.^- 

plant for preparing pure 

eluding shipping -for 

ammonia from concentreKcd gas 

marketing 

liquor. 

, ,ToUl - .. 
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‘AlW RECOVERY PROCESSES, EXCLUSIVE OF^lOYALTIES ANB 
NITROGEN. PER ANNUM IN FORM SPECIFIED). • 


1. 

Pure 

Ammonia | 
RE Liquor, i 

2. ; 
Ammo- I 
niuin 

HnlplJiitc. , 

3. 

Ciilciuin : 
\yiUia- 1 
ini'lo. I 

*■ ' 

Nitric ; 
Aciit 1 

(Dilute), j 

5. j 6. 1 

' Oaleiiini ^ 
ciUniffl).! 1 

7 . 

Scidinin ■ 
Nitrate. 1 

^ - -—p 

8. ■ 

Amnio- 

niuiii 

Nihiitc. 

• 

1 

14 57 ' 

14-68 

» 1 

1 

“ 

_ j 

38-70 

1 

_ 1 

53-36 

61-25 1 

1 

- 

33-63 

• 

9-7- : 

— 

I 

33-30 ; 

47-80 

56-85 , 

1 

-- 

28-60 

1 


' 

* n 

• 




48-56, 

03-19 

- 

76-50 

92-29 

99-05 1 


69-53 








# 






! 

1 




• 



V 





47-2(5 

-25-25 

.58-78 

74-03 

, 

81-33 


52^0 

21-40 . 

21-40 

20-‘20 

23-81) 

i 

24-52 , 

23-80 


22-60 

t 

54-03 

68-66 

45-45 

82-58 

98-55 

105-13 

— 

75-30 

— 

1 — 

i — 

j 69-75 

92-25 

92-30 

_ 

' 46-73 


1 

! 

' • 7“ 

' 

1 80-20 

86-29 

86-29 

- 

43-14 

— 

; — 

. 

! 156-04 

j 178-54 

178-59 

- 

j ,89-87 

• 



1 • 

; 27 - 0 ! 



0 

25-150 

. 

i- • • 


1 

I 


1 






■ 

m 




i ■— • 



• 104-93 


1 94-31 

.... 

• 


; 

i 

‘ 132-60 

m 

• — 

94-31 

25-69 

— 





• 

m 

21 
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THE NITROGEN INDUSTRY 


Direct Production of Nitrates, 

The normal metliod of production of tlie nitrates of calcium, 
sodium, and ammonium in connection with an ammonia- 
oxidation plant is to obtain dilute nitric acid {!>5 per cent.) 
by absorption of the converter gas in towers in the usual Vay, 
and then to neutralise this acid by limestone, soda ash, or 
ammonia in the manner already described. This mode of 
procedure, however, obviously involves the use of expensive 
and bulky tower and neutralisation plant. In particular, the 
tower plant is the heaviest item in the cost of the nitric acid 
plant from ammonia oxidation. 

The ideal method would b(‘. to malce use of the converter gas 
directly, without re,sorting to the preliminary production of 
nitric a(iid. As the result of numerous experiments ma'de by 
the authors, in conjunction with Mr. T. Iv. .Brownson, ,it was 
found possible to produce^ nitrates directly from converter gas, 
limestone (or lime), soda ash, or amnionic, 'i'he methods arc 
different in the caxsc o^ calcium and sodium nitrates and 
ammonium nitrate, .md will be dealt with separately. 

'.'’ho gas containing oxides of nitrogen, whether froni arc 
furnaces (2 per cent, of nitric oxide) or from ammonia oxiJS,- 
tion (about 10 per cent, of nitric oxide), arc cooled and oxidised 
in the usual way with excess c)l aii'. Jf the gas is now passed 
through a series of absorbers containing milk of lime, a suB- 
pension of limestone, or a solution of caustic soda or sodium 
carbonate, the following reaction^ occur; 

(t) In the lirst absorber, into which the gases enter, the 
whole or nearly the whole of the oxides of nitrogen is absorbed, 
with the formation of a mixture of nitrate and nitrite: 

2 Na 01 I-l- 2 N 02 =NaN 03 d-NaN 02 -J-H 20 . (1) 

During this stage of the process very little unabsorbed 
oxides of nit 'ogen pass to the later absorbers in the series, 
and it is there absorbed in the manner just descrineci. 

(2) Whe-. u,ii the free alkali or limestone has been neutralises 
in the above manner, the oxides of nitrogen begin to be 
absorbed mainb' as nitric acid. The nitric .icid, however. 
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■deecjpiposes the nitrite in solution, with evolution of oxides 
of nitrogen^ and the nitrite is converted into nitrate: 

i 

(i.) 2N02+H20-HN03H-HN02. 

(ii.) 2HN(4, =H„U (-NO - I’Nj (),. 

(lii.) 2 NaN 0 s+ 2 llN 03 = 2 Nii,N(),-| ] 40 +N 0 -|-]^’(X. 

(iv.) 2NOH 02 = 2 lSi 02 . 

The gas containing NO, passes to tlu! second absorber, and 
is there absorbed in accordance with c(|uation 1. When all 
the nitrite is decomposed, the first absorber is cut ouf- of the 
series and tlio solution of nitrate run off for evajioration or 
other treatment. It was found fliat very conccu.rated solu¬ 
tions, which couiiuciiicd 'to' cr^si'vllisc .spontaneously, could 
be obtained, since the iiitrate.s of calciuju and sodium are 
very solul)lc in water. 'L’lie evajioration will therefore be as 
economical as jiossibic. 

The first absorber is now cliargi'd with fresh alkali and^mt 
at the end of the ti(jf'ics. 'I'lie second absorber now' functions 
in the same way as the first, and goe^brough .all the reactions 
described.* The process is tlicrefore prai'nitally continuous. 

Attempts were made to jiroduce ammonium nitrate, in 
the Sbme way, using solutions of ammonia and ammonium 
carbonate, but without success. There were large losses of 
nitrogen. Another •method had therefore to be adopted in 
this case. VV'orkiug in coujimetion with Mr. V. J. Jones, fhe 
writers found that dry, solid ammonium nitrate, perfectly 
free from nitril,c, can be obtjiined by blowing a mixture of air, 
oxides of nitrogen, and a regidated amount of water vapour, 
such as is produced by cooling and suitably treating cifnverter 
gas from the oxidatimi of ammonia, into a large chamber, 
and intrijducing into this atmosphere jets of ammonia gas. 
The ammonium nitrate is at once formed, and settles out at 
the bottom of the chamber as a loose white powder* The 
ohemic»l reaction may be representt^ by the equation 

JN02-I-2NH, 1 lL()d’o=2i\'H4N03. 

Previous investigators had noticed the formaTiOn of white 
fumes when oxides of nitrog&i were mixed with ammonia, 
but these wefe ^.^ways supposed to ^e ammonium nitrite. 
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Some chemists went so far as to deny the possibility o^ fhe 
process. It was shown at a soiree of the Royal'Society in 
1.918, and has been in operation on a small sc^le at Woolwich 
since then. ' ^ • 

In commpneing the work on the direct preparation of 
ammonium nitrate, it was thought desirable to make kome 
investigations on the stability of ammonium nitrite in solution. 
The conclusions arrived at by previous investigators were 
generally confirmed, and the results extended to stronger 
solutions than tho.se previmisly employed. The most im¬ 
portant result of this work was to show that ammonium 
nitrite solutions, when oven feebly alkaline, were remarkably 
stable, whereas the presence of a'trace of acid made the solu¬ 
tion very unstalde. 'I’lie lioaring of this on the direct prepara¬ 
tion of ainmoiiiuiu nitrate by passing converter gas’ into 
solutions of ammonia was therefore clear. During tlje first 
stage of the atisorption, whilst tlie solution remained alkaline, 
but little decomposition of the ammonin.’.n nitrite (with con¬ 
sequent loss as free nitr' gen) was to be anticipated ; whereas 
in the seemnd stage, when the solution became acid, there 
was considerable loss from this c.'iuse. Although this decom¬ 
position in acid soluti(jn i.s considerably retarded by lowerffig 
the temperature, the loss of nitrogen would still be serious. 
Experiments in detail confirmed these conclusions.,, . 

I'he results showed that the reactions in solution followed the 
same course as those with aqueous alkalis, such as soda and lime: 

(i.) 2NH4OH 1-iNO., -NIIjNOs +NH4NO2. 

(ii.) :2NOjddl2() . 

(iii.) NH,Nt). 4 -hnN(b NH 4 N 0 ;rldIN(\. 

(iv.) 2 HNO 2 H^O+NO-fNOs. 

(v.) 2 NOd-U 2 - 2 EO 2 . 

In addition to these reactions in solution, however, a con¬ 
siderable amount of reaction appeared to take placo in the 
gas. De.ise white fumes were carried off from the solution 
when oxides ot "'trogen were passed through aqueous an»moni%. 
It was shown that, according to the conditions, the white 
fumes may contain up to 80 per cent, of ammonium nitrite, 
the rest being niuratc, or may consist of nearly pure ammonium • 
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■ nitrate. A method of condensing these fumes was discovered. 

, So long as* the fume remained moist it was fojind impossible 
to condense it, but as soon as it was drted by passage through ' 
*concentratod sulphuric acid tlm fume at once separated 
spontaneously into the compact solid salt. It is not a little 
surmising that the ammonium nitrate is not rctainctf by the 
sulphuric acid except to a very slight extent, and thi.s method 
might be applied to t[io condensation of ammonium nitrate 
fumes in different technical operations- c.f/., the direct prepara¬ 
tion of ammonium nitrate from gaseous ammoiua and liquid 
nitric acid. 

Having in thi.s way overcome the difficulty of condensing 
the copious fumes jiroducdd:'attennon was next turned to the 
quantitative investigation of the reaction between converter 
gas and aqueous ammonia. If tliis white fume had not been 
collected, there would have been a lo.ss amounting in some 
cases to So per cent.; the proportion of nitrate carried ii^the 
funic is therefore^ery e.onsiderable. The results of tlicso 
quantitative oxporimimt.s may lie sin^marisod as follows: 

1. In all casis when ammonia solvijw 'S used there is 
considerable loss of ammonia as nitrogen (17*to 3.S per cent.). 

‘■*2. 'ihe nitrate produced always exceeds the nitrite, wliieh 
would bo expected owing to tlie loss of the latter by dceom- 
positiop. ,At the sitme time some of the nitrite was probably 
ermverted into nitrate liy the excess of oxides of nitrogen. • 

3. A considerable amount of ammonia is carried over un¬ 
converted. 

'4. Experiments witli ammonium earhoiiato solution 
saturated with carbon dioxide {i.e... N[1.,1[('0;, solutioii^showed 
that no fume ivaa proiluci^il nor ammonia carried away nn- 
changod„but there was still a considerable loss of ammonia 
as nitrogen. 'J'he rosTilts of all these experiments showed 
that the interaction of (iqnenuK ammonia and convertor gas 
was not adapted to technical working. ' 

The_cxporijnents described abdvo led us to %lie ^onchision 
.that most of the reaction occurred in the gas.^d experiments 
were therefore commenced with the object m examining the 
reaction between converter gSls and gaseous ammonia. The 
resulte so far obtained may bo summarised afi follows; 
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( . . 0 • • 

By bringing together fully oxidised converter gas, ■ the 

necessary amount of moisture, air, or oxygen, and gaseous 
ammonia, production of solid ammonium nitrate in a state 
of purity is attained. Undenthe present conditions of working 
there is still a loss in the form of nitrogen of from 10 tC) 20 per 
cent, of the ammonia, but it is possible that this loss may be 
further reduced. 

In beginning and carrying out this research, we were not 
in' possession of any information whatever as to what had 
been done, if anything, by other experimenters. The success 
of our process depends upon the careful attention to the 
proportion of the gases used, the amount of moisture, and the 
space available for reaction. Mereiy bringing together ammonia 
gas and converter gas usually leads t.o the loss of anything up 
to 90 per cent, of the ammonia as nitrogen. 

It will bo seen that this method in its present st(),te of 
development is still attended with losses. It has the advan¬ 
tage of avoiding the use of water-absorjit’rm towers for nitric 
acid, and the subscquci't neutralisation and evaporation of 
largo Imlks of liqui'k' Under the present methods of working 
the double decomposition of calcium nitrate with ammonium 
carbonate, as carried out by Messrs. Brunner, Mond and 
Company, the losses are not less than those involved in the 
new direct process, and the latter, besides Avoiding the absorp¬ 
tion towers, leads directly to the production of pure ammonium 
nitrate in the solid state. After an inspection of their plant 
wo have no reason to believe that the considerable losses 
involved in the preparation of ammonium nitrate from calcium 
nitrate, as carried out by Messrs. Brunner, Mond andCompany, 
were inherent in the process, or even at all necessary, and we 
therefore consider that the direct preparation o' calcium 
nitrate from converter gas and lime, with subsequent working 
up to ammonium nitrate, is a process^ which deserves more 
consideration than has hitherto been accorded to it. 

Ammonia Oxidation with Oxygen. 

One of the main difficulties in the ammonia oxidation 
process is the absorption of the resulting oxides of nitrogen 
to produce nitrfo acid. This process, as usually carried out, 
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reqtiires an eipensive tower system. Even*if other arrange 
ments than towers were adopted—and several have 13001 
patented—the .large space would stilP bo required, since th 
reoxidation of tlie nitrous acid fcrmod on contact of the ga'se 
with water mus't take place in the gaseous space, and ai 
adequate amount of space must bo allowed. Iflr. (ifhinan, i 
is true, had an idea .that some kind of intensive bubbler o 
scrubber, instead of ,towers, would solve the problem, ani 
went so far as to take out a patent for such a .scrubber of «th 
well-known typo. In his ignorance of the c.sscntial reaction 
involved, this inventor entirely overlooked the main difficult; 
and attempted to provide for oxidation by separate spaccf 
as had been done in othoi'priorj»atents. Exp(!rimonts showed 
as could ea.sily b.ave been predicted by anyone conversan 
with the problem, that the al),sorption did indeed take plac 
quit^ readily in the very small apparatus tried (a diameter o 
an inch or two was used), but that the product was npinl; 
nitrous acid, whi<^ readily came out of solution again. It i 
not in thi.s direction that the difficulty can be ,solvcd. 

The loss in the tower system is duo m'ynly to three causes: 

1. The formation of a mist or fog of Jhinuto droplets o 
'fiitric acid when the gases containing oxides of nitrogen mixe( 
with air come in contact with water in the first of the serie 
of to^ver^. Thi,s fnist is most difficult to condense; it passe 

•almost without change through the remaining towers,‘am 
escapes as a mist from the exit. The engineers usually regari 
this mist as “traces of ammonium nitrate,” and appear t 
bo ignorant of the seriou.s losses which may be caused in thi 
way. In our experiments tliis mist was condensed by electro 
static precipitation with aluminium (lectrodcs, and found ti 
be nitri; .acid of about 60 to oo per cent, strength. . 

2. The increasing slowness of the reaction of absorption in 

the water or dilute acid as the content of oxides iit the gas, 
beodines smaller. • ^ ' 

increasing slowness 6f rcoxidatior#of ipitrhl^ oxidc^ 

, formed in the tower reactions, or present ^^tho insufficiently 
oxidised gas, to higher oxides which dissolve iTi water, as the 
gases become more and-more dilute. 

It is obvi?pu& that all these difficul^cs can be avoided if one 
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factor, which is t^e cause of them all—viz., the dilution o^^the 
oxides of nitrogen with inert gas—is removed. If it were 
possible to carry out 'the catalytic oxidation of ammonia, 
using pure oxygen instead of <iir, or at least if air appreciably ^ 
enriched with oxygen is used, the difficultfes would mainly 
disappear. ^ 

A mixture of ammonia gas and pure, oxygen is, however, 
violently explosive. Previous work on explosions, particularly 
that of Professor H. B. Dixon, of the Ilniversity of Manchester, 
suggested that it might bo possible to damp down the explosive 
properties of the mixture by adding steam to it, at such a 
temperature that condensation could not occur. The mixture 
would then be passed over the catalyst, and after conversion 
the steam would condense without leaving any gaseous 
residue. 

Experiments made by the authors in conjunction .with 
Dr. G. N. White showed that this process is entirely satis¬ 
factory. 'J'he mixture of gases can be pn^paved by volatilising 
25 per cent, ammonia soluj.ion at a controlled rate in a current 
of oxygen gas. 'I’J'O mixed gas is preheated in iron and 
aluminium tubes io about 5(i0“ ff. and passed directly to the 
platinum converter. A very rapid conversion takes plac'fe 
with a production of l-O tons of nitric acid per .square foot 
'of double gauze catalyst per twenty-four hours, with ap effi¬ 
ciency of practically Kid per cent. 'I'he nitric acid is readily 
condensed in cooler.?, without the u.se of any form of tower 
system. If oxygen couhi be obtained cheaply, say as a 
by-product in the manufacture of nitrogen in fixation industry, 
this methpd of oxidation is by far the best. 

Ammonia Oxidation in British Industry. , 

It has already been stated that the application of ammonia 
oxidatidn to sulphuric acid chamber-processes has been 
adopted with success in tthis country. The apparatus is, 
with modifications, based on' that devised by the .writers in 

As a result di the work referred to, the Minister of Munitions 
in 1917 appointed an Executive Committee, 'which held 
conferences with .r. number of manufacturers 'likely tb be 
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interested in aJmmonia oxidation on a larger sclile. Among these 
firms werfl Messrs. Brunner, Mond and Compjiny, the United 
Alkali Company, Messrs, ('liancc and Hunt, Messrs. Nobolf 
and others. Iii August, 1917. (this work in the laboratories 
of th^ Munitioih; Inventions Department, which had been 
commenced in October, 1910, with no informatioft or a'pparatus 
available, had reached such a stage that the installation and 
trial of a full-scale unit, about four tiine.s the size of the 
laboratory units, was the only remaining step neccssary.for 
providing the data for the eretd-ion of a factory, 'this trial, 
which would require the erection of a more (extensive tower 
system than could be accommodated in the Research Labora¬ 
tory, was-sanctioncd^bytlR! Minister, and arrangements were 
made for a trial unit witli an out put of .‘too tons of nitric acid 
per'annum. A site in London and every facility were put at 
the disposal of the Ministry by a memltcr of the Committee. 

A? this stage, however, the work of establishing the process 
on a commercial s^jale was abnijitly taken over by the Depart¬ 
ment of Explosives Supply, as a I'gsult of a I'cquest made by 
that Department to the; Executi\'e ('om.ijiittcc. 'l'h(! Depart¬ 
ment of Explosives Supply, ap])arently, haifMn its .staff no one 
•iVith sufficient knowledge of the problem to go forward* with 
the work, since the trial unit was never set up. This 
is much^to be rogretted, as the rc.siilts would undoubtedly* 
have been of great value. In t he course of further proceedhigs, , 
as a result of a memorandtim from the Department of Ex¬ 
plosives Supply to the Munitions Council, it was decided that 
the cyanamido process could not be installed in less than 
eighteen months, and the erection (d a factory for the produc¬ 
tion of synthetic ammonia was recommended, which, “ granted 
good facilities, should bo producing within a year.” Thiq, of 
course, was the Billingham factory, which is still not producing, 
in spite of the fact that the process has since 1919 been 
“ unebrtaken [by Messrs. Brmmcr,^\lond and Company] iftider 
such conditipns and atuspiccs as*a'iU secure itSirajjedferte and 
vigorous prosecution on a .scale, commensurate with its 
supreme importance.” As a result, neither Ihc fixation of 
nitrogen nor the oxidation o^ ammonia has materialised. 



I’AllT II 

BY-PRODUCT AMMONIA AND AMMONIUM SULPHATE 
MANUFACTURE 

()NK of tin; world’s j^ro.'if. somvcs of aiiiinoniii and aininoninm 
suljrhatu is tlio (■ombiiu'd nilroj^-'ii oontainod’ Ai coal, slialc, 
and other organic niattiT. The anionnt (jf eoinhined nitrogen 
in coal and shale varies from O-o to ‘2 |)er eent., and although 
oidy a portitin of it is recovered a-s annnonia. hy means of tlie. 
destrnetive di.stillation pi'oeesses iji eoniinereial n.se, the scale 
on which the indiistrii's ai'i^ earr'ie(l on results in a large outjnit 
of ammoina and annnoniaeal eoniponnds. 

The main indiisti'ies eoneerned in ammonia reeoveiy in this 
country arc those engaged in tln^ maimfaetnri' of ilinminatiiig 
gas and of melallurgieal coke, in the ilisiillation of shale, in 
the produelion of powei' gas, a,ml in (he mannfaetiire of pig 
iron with raw coal. 

The economic ])osition of Jiiany of the.s(' industries dejicnds 
to an important e.xteid upon the revenue (.ihtained from the 
sale of aininoinnm sidjihale. and with the ever increasing 
demand for this sail for agrieidl inal pur|ioses, and the steady 
rise in its market price, the material has risen fidin the jtosition 
of a by-product to that of a jirineipal pi'oduct in the imliistries 
concerned. 'I'liis has I'csulted in the more: e.xtensive adoption 
of recovery plant in industries in which aminoina nitrogen 
was previously' allowed tr) g(» to waste. 

From a practical standpoint the aiiinioniacal liquor.s from 
gasworks, coke-ov'cn plants, and shale w(jrks present many 
points of similarity. They all contain ammonia, carbon 
dioxide, and sulphuretted hydrogen, and dilfer principally in 
their strength; that produced in gaswork.s is usually riche.st 
in ammonia, while that obtained from coke-oven plants (ion- 
tains only about half the quantity in gasworks liquor. The 

B6 
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weakodt liquor is that produced from shale works (see Annual 
Report of the Chief Inspector under the Alkali, etc., Works 
Act for 1860). 

Properties and Composition of Aihmoniacal Liquor. 

Tiic destructive distillation of coal as carried out in ga.sworks 
practice produces a liquid having a colour varying from pale* 
yellow t(j dark brown, and pos.se.ssing a strong odour of am¬ 
monia, sulphuretted hydrogen, and of phenols (“ carbolic 
acid”). ' 

It is obtained in three stages— 

(I) By condensation in the hydraulic main, where the 
crude gas is coohul to .so' or ()(•“ C. 

(i!) 'I’he eouden.ser li((U(jr, which may contiiin 2 to 3-5 
per cent, of ammonia. 

(.'!) The liquor obtained from the scrubbing and washing 
of tile gas. 

The strength of this liquor de[)cnds very largely upon the 
type of plant in use, but the liquor from all sources is usually 
collected, together with the tar, in a common storage well. 
The weak hydraulic, main liquor may be used lor scrubbing 
purposes, and becomes thereby itself more concenlralcd. 

The conditions in coke-oven work.s arc very similar to these, 
as far as the recovery of ammonia is concerned. The quanti¬ 
tative composition of the ammoniaeal liquor will depend very 
largely on the nature of the coal which is carbonised, but the 
qualitative composition is not so variable. 

Ammoniaeal liiiuor is very eomple.v in composition, the 
ammonia e.visting as various compounds. For practical 
purposes, however, the.se compounds are classed under two 
heads; 

(а) V’olatile (or free ”) - I'.e., those compounds of 
ammonia which are volatile in steam. 

(б) Fi.\ed—those compounds of ammonia that re¬ 

quire the addition of an alkali such as lime to liberate 
the ammonia from them. 

{a) Volatile Comimindx.—'Vhe. following are present: Free 
ammonia (the presence of which in the free state in ammoniaeal 
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liquor is doubtful), iiiumouiiau carbonate, ammonium sulphide, 
ammonium hydrosulpliide, ammonium cyanide. 

(b) Fijred Coiiiixiiiiuls .—Ammonium sulj)hate, ammonium 
sulphite, ammonium chloride, ammonium tliiosulpliate, am¬ 
monium thiocarbouata, ammonium .sulpbocyanitle, ammonium 
fcrrocyanide. 

• A comparison of ammouiacal liquor,s from various sources 
is given in the follow ing tabk,'; , 

C'(IMPAIU,'!ON' OF AmMo,M,U ,\ 1 . I.lyl oils H.OM \ AKIOIFS .SoCltCKS, 
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Manufacture of Ammonium Sulphate from By-Product 
Ammonia. 

'I'hc m.unifacture cpf sulphate til- (he largest gasworks in¬ 
volves the wpjrking u|) 'of hirge ipitintities of wetik ammonia 
litpior by pipilongcil lioiliiig in onler to tlrivi; off and dissociate 
the volatile ammonium .salts, the timmoiiiti gtis being iibsorbed 
in sulphuric tieid. Thip licjuor tilso eonltiiiis ti vtiritihle per- 
eentage of li.\ed " timmoui.a, tiinl this is siit free by the 
addition of lime. Where tlie jirodiK tiou of sulphate is aimed 
at. the jippanitus is so contrived llitit the; “ volatile ammonia 
is e.xpelled by heat .iluiic before the lime is adiled to decompose 
the fixed sidts. 

The absorption of the ammonitt mtiy be carried out in such 
a way as to yield a solution of ammonium sulphate, w'hich is 
subsequently evaporated to produce ti solid .salt, or under .such 
conditions that solid ammonium sidphate i.s produced directly, 
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the heat evolved during the absorption in acid being sufficient 
to evaporate the water from the solution. 

The average yield of aminonitiin sulphate at ga.swork3 has 
been placed at 25 to 2H pounds per ton of coal carbonisecl- 

The ammouiacal lupior was formerly neutralised directly 
with sulphuric or liydrt^cliloric acid, the resulting solutions 
being evaporated for the recovery of the eori'es[Hjnding salts., 
'J'lu! products, however, were by no means jiure, and the 
ammonia is now recovered from the li(pior as gas by distilla¬ 
tion before being ab.surbed in sulphuric acid or othorwi.se 
utilised. 

Eor the recovery of ammonia from this amnuiniacal liquor 
the nece.ssary distillation nia^ be regarded as taking place in 
two stages. 

Jn the lirst stage, the .so called I'nlntih: iiiiiiiiiiniii. rejircscnting 
the ammonia prcscid. as sulphide, carboiiale, and cyanide, 
and in combination with the phenols, may be dis.sociated and 
volatilised by simply boiling the solution, .say l.iy blowing 
steam through it. 

In the .second stage, the Jiie.il (niiiiioiiiii prc.seiit as am¬ 
monium chloride, sul|>h.al(s thiosnlphaUs and thiocyanate, 
must be heated with a strujig alkali in order that it may be 
recovered. 

The fixed ammonia in average liquor may amount to 20 to 
25 per ceid.. of the whole. 'I'he strengtli of th(^ ammoniacal 
liquor is usually computed in *' ounce strength ’ -i.e., the 
weight of pure sulphuric acid, measured in ounces av oirdupois, 
required to neutr.alise the anuiumia contained in 1 gallon of 
the liquor- and the volumes of li((uor are usually converted 
into the ecpiivale.nt volume of li((uor (jf 1(1 ounces strength. 
The approximate strength of the. liqu(.>r, howvsver, may somc- 
time.s be deducasl from its density, as it is found that each 
1° Tvvaddell corresponds roughly to 2 ounces strength; but 
this is only userl as a very rough-and-ready means of estimation. 

Ammonium Sulphate, (NH 4 ),S 04 . 

In the manufacture of ammonium sulphate the volatile 
ammonia is lirst driven olf, the lixed ammonia being subse¬ 
quently liberated by a further distillation with lime or soda. 
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Ihe Gruneberg and Blum still consists essentially of throe 
parts (Fig. 8). 

There is first an economiser. />’, where the liqiwr receives a 
prehijatmg by means of the hot waste gases from (he end of 



the proee.ss, or by I,oiler sleain; se,:ondl3'. a sfill, .•]. wliere the 
leatcd Inpior is sulijeeted to tlie inllnence of .steam, whereby 
the volatile ammonia is given off. and where snb.sequent 
treatment with lime libcratc.s the li.ved portion of the ammonia- 
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thirdly, a saturator, D, where the ammonia gas comes into 
contact with sulphuric acid, ammonium sulphate being 
deposited. 

The Sujiijly of Ammoniucul Liquor. 

Wherever possible, the ammoniacal liqVior should be supplied 
to the superheater by gravitational means. For this purpose 
a cast-iron Uwik may Ijc supported on girders at a suitable 
height, and it should Ijo capable of InJding several hours’ 
sup])ly. TJio tanli, slujuld be eovererl by a wooden lid to 
prevent the escaj)o of ammonia, a small vent being allowed 
to facilitate filjiug and to aljow of even and uninterrupted 
delivery of liquor. A float and gauge should be arranged to 
give an imlieation of (he siqi])ly to (he plant, and in addition 
a small regulatiiig tank should be in.serted on the ■'vupply pipe 
before it joins the superheater, controlled by a float and ball- 
cock of cast iron. (Ammoidaeal li<pior .speedily acts upon 
copper or brass.) '('his regulating (auk should itsdf bo a 
sullicient height aliovethe su|)erhealer to allow of gravitational 
supply, w’hich is regulated by a cast iron gland cock. 

Superheaters. In a .sul]ihate of ammoida plant the 2 )urposc 
of the supcrlicater is (I) To heal the ammoniacal liquor 
previous to its entering the still, by which means the consump¬ 
tion of fuel is i'ed\iced and also the cajjacity of (he still to deal 
with the li(pior inerca.sed. For this piu'po.so tin; waste ga.scs 
from the saturator are utili.scd. (2) To cool (hc.se. wa.stc gases 
to a temperature suitable for the furtlier treatment mentioned 
below. It will thus be seen that a double object is achieved 
by the use of a superheater. 

A form in e.xteiisivai usi; is slujwn in Fig. !). It will be 
seen that it is in jn'incqde an ordinary " battery ” condenser 
erected \ertically. ’('he shell and the p(.'i’foratcil horizontal 
plates are of cast iron, while the vertical tubes arc fashioned 
in wrought iron. The joints between the ciuls of the tubes 
and the perforated j)lalcs are, made by e.xi)anding the ends of 
the tubes in the usual manner. 

The ammoniacal liquor enters the bottom chamber a, 
through the tube b. and rises throi gh the wrought-iron tubes 
to the middle chamber c. it then passes through the second 
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set of wrought-iron tubes to tlie toj) chamber rf, wlienco it 
overflows along the pipe c to llic top chamber of the still at 
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a temperature approaching 93" The waste gases from the 
saturator first pass through a bailie box in order to prevent 
any acid spray being mechanically carried forward and then 
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enter the superheater by the pipe /. The baffle box for the 
waste gases usually takes the form of a short, wide tube lined 
with lead, and j)rovided with a number of<cireular perforated 
lead discs against which tlie wet gases arc caused to impinge. 
The moisture condensed in the IjalHe bojl is led back through 
a trapped tube to the saturator. On entering the superheater 
the gases ])ass over the outsides of the wrought iron tubes 
in the chamlaS' <j, and tlum jiass along the pi])c h, into the 
cliamber i, where they again play upon tlie outsides of the 
wrouglit-iroli tubes,‘and are finally conducted away along the 
pipe j to the eondensiiig plant. 

The eonihui.sirti; from ehambi'i's ;/ ajid t. known as “ devil 
waUa' ” from its disagreeable nature, is led away to a suital)le 
seal pot to be subswpiently dealt with. 

Stills. "In the apparatus of (Iriiiieberg and lilum (I'ig. IP) 
the lirst portion of the still, It, in whieb the volatile ammonia 
is liberated, consists of a number (jf compai'tmcnts, separated 
by horizontal division plates, through which the liipior flows 
downwards by means of ovcrihnv ]ii[)cs, steam travelling 
upwards in the reverse; directitm. liy suitable arrangement 
the steam is caused to bubble through the li(pior in each com¬ 
partment, whereby the volatile ammonia and also the volatile 
aeid.s )U'e.se]il—namely, carbon dio.vide, snl])hurette<l hydrogen, 
and hydrocyanic add are evolved. 

T’he second jiortion (jf the- still cojisists of a lime vc.s.sel, 
into which milk of lime is jiurnped at iytcrvals of leu minutes, 
and also pos.se.sscs a lioiler with an internal coive. f t, in which 
the liquor is boiled in thin sheets by means of steam. The 
last portions of ammonia are here set freie The mixed steam 
and ammonia vapours le.ive at the top of the dephlegmating 
column by the jiipe IP, and enter the .saturator 1), w'hieh is 
charged with sul[)luiric add, the exit gases from which serve 
to heat the liquor in the ecoiiomiser. 

The earlier “ single eolunm'' typo of still wavs very apt to 
give trouble owing to the frequency with which it booamo 
choked. This dilliculty was not so apparent in that portion 
in which the votalile or free ” ammonia was set free as 
in the liming chamber and the compartments immediately 
below it. The construction of the still was such that it was 
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necessary to dismantle the volatile ammonia section hv order 
to reach the ohslnieted portion, and the first important 
development in plajit (h.’si^fii nas to erect the “ volatile'’ and 
“ fijjcd ” sections iqpon separate bases. 'I'lie limine; chamber 
was placed either at tlie liotlom of the former portion, in 
which case accessible inanholes were pi'ovidcd to facilitate 
cleaning, or at the fop of flu' latter portion, ,'snch an .arrange- 
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mont Ls used in the Feldman still and in Ccilsim’s plant, and 
when room permits similar arraiigenients ni,'iy be obtained in 
the various other type.s of ,stili. brief consid(!ralion may be 
given to a liritish type of still (Wilton’s), which, while it 
retains all the advantages of the earlier types, also provides 
efficient methods for clfeetive cle.'ining without the necessity 
for dismantling. 
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Wiltm Still (Fig. 10).—The ammoniacal liquor enters 
the still from the superheater along the pipe n, and passe.s 
from chamber to chamber in the usual,way until the one 
marked h i.s reached, when, instead of passing through the 
overflow on thi; right below /, tlio liqiior'descends through the 
pipe c, by gravitation, to tlu' liming still d, and passes back 
to the liquor still, mixed with milk of lime, along the pipe e, 
and then de.seends in tlu' usual course through the remainder 
of the still, leaving by tlu^ waste liquor valve, described later. 
The position of pipn.c is rather lower than shown in the diagram, 
in order to compel the liquor to take that course in preference 
to rising and overflowing over the overflow pipe below/. At;/ 
is shown an eflicient form of safety valve for an ammoniacal 
liquor still. 

Liming Apjxirnhifi .—This portion of the plant is,concerned 
with the di.ssolving of the lime and its introduction into the 
still. The lime may be slaked either by wasti! liquor from the 
still or by hot or cold water. The use of waste liquor possesses 
the advantage that should the contents of the still at any 
time become delieient in lime, .a strong smell of ammonia 
becomes evident when tin' spent liquor comes in contact with 
the lime in the dissolving tank, 'J'his serves as an efficient 
warning to those in charge of the process as to the conditions 
prevailing in the still, and enables them to take steps promptly 
to rectify matters. 

The best points at which to tap ofl' the supply of waste 
.liquor are (I) the bottom chamber of the still; {’-) the pipe 
leading from this chamber to the seal pot; or (.'!) from the .seal 
pot itself, but it must be ensured tha.t there is sufficient pre.s,sure 
or head to supply the liming plant. Tin; use of a hot liquid 
for slaking residts is a considerable .s.aving of fuel compared 
with the use of cold wat('r, and in cas(;s where the former is 
adopted it i.s desirable to allow the steam given olf to escape 
by means of hoods and wooden chinnu'ys of standard pattern. 

In a typical liming apparat\is the slaking of the lime isoarried 
out in a tank, the milk of lime being ta)ij)cd thi ough a screen into 
a second tank, whence it is pumped by a single ram pump into 
the liming chamber of the still. An agitating arrangement is 
also worked by the pump, and this prevents settling of the lime. 
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A regular strength of the milk of lime ami consequent steady 
working is thus obtained. The screen is eovere<l with wire 
gauze of about ; ineji to inch mesb, and care must be taken 
to nraintain this gauze in gooil eomliiion, as the ])resenee of 
any holes allows sui.-ifl pieces of lime to jmss through. These 
are very liable to give nuieb trouble in the valves of the pump, 
resulting in the still running sIujiI of lime .'iml causing “ high ” 
spent liquor sam|il('s. • 

Where a driving shaft is .av.iilable, the lime ini.Ning arrange¬ 
ment shown in Tig. II. is found to be very ediwent. The 
waste liquor is run into the eireiilar lank <i. .and the lime is 
fed gradually on to the perforat'd pl.ates li. |be«rate of solution 
being aee('lerated by means of the meeha.nieal stirring eon- 
triviniee r. The undissolved materi.d is removed from time 
to time, ixul if its rel.ilive wc'ighi compared with the weight 
of lime used b(> ascertained it forms a go<id guide as to the 
qualify of the lime. 

The milk of lime runs by way of llu' cock d. through the 
screen y, int<i the lank e. whenei' il is pumpi'd through the 
suction i)i[)e / to the liming eha.nd)er cjf the still. Jn the 
tank e the contents are kept agitated by :i similar arrangement 
to that in tlu^ lank a. 

The waste liquor outlet ])ipe from the bottom of the still is 
usually ))rovided with a- cork to regul.ile the How of liquid. 
'I'he escape <if anv live steam is preventi'd by means of a suit¬ 
able seal pot also inserted in the |ii|)e run. An (example of 
such a seal pot is sIkomi in big. 11’, this lieing .'i suitable, 
form for siid<ing in the ground when desir.'ible. If the seal 
pot is moulded in any em lo.secl spa.ee where the escape of 
steam is objectionable, a eovei- may be provided, with a vent 
pi])e to lead the steam away, lint, when' the e.seape of steam 
is not objeetionable an ojien jiot ])os.ses.ses tlie advantage of 
assisting in the cooling of tlu' spent liquor. 

The seal pot is sometimes r('|ilaeed 113' a boiler through 
which the .spent liquor is led. the boiler lieing utili.scd as a 
meams of raising the temperaturi' of either water or arnmoniaeal 
liquor passing through a coil of pipes, the requisite seal 
being obtained by regulating the, height of the waste liquor 
outlet pipe. This method, however, cannot be recommended, 
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as tlio limo sliulf'e quickly (kiposits upon tho pipes and renders 
them ineffective!, and tlie necessary cleaning is then a matter 
of con.siderahlc dilllculty. • 



From tho seal pot or aiitomatie valve tho spent liquor is 
conveyed by flanged pqjes, or open troughs of cast iron, wood, 
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or bricks laid' in cement, to the settling and cooling tank. 
Where the escape of .steam is not objectionable, the open 
trough.is j)rofcrable, as it not only as.sisis in the cooling, but 
is also-easily cleaned. Where pipe.s are used they will require 
to be taken up frcqueiltly for clcani?ig purposes, so that the 
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advantage of flanged over socket pipes f(jr this purpose is 
.obvious. 

Saturators, —The saturator may bo constructed either of 
solid lead throughout, or of wood or iron lined with lead. 
Referring once more to Fig. 8, flu^ gases are led in by 
means of a perforated leaden pij)e, fixed in a leaden bell, 8, 

7 
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which distributes them over a considerable area in the saturator. 
The unabsorbed gases pass through 9 into 20, where any 
liquid carried over is retained. , 

Sulphuric acid of about 140“ Twacldoll strength (77 per cent. 
HjSO,) is generally used, which soon iMjcomcs nearly saturated 
(indicated by its colour), crystals of aiiimonium sulphate being 
deposited. These are removed from time to time, fresh acid 
being introduced to replace that neutralised. 

When working properly, the steam and water gauges will 
remain .steady, a.id the reaction in the saturator will proceed 
gently. 

Carbon dioxide must be oliminat(sl before the li((uor reaches 
the lime vessel, as otherwise the apparatus is liable to become 
obstructed with calcium carbonate. 'I'he waste liquorj which 
issues at 10, .should not contain more than .5 parts NH, in 
100 , 000 . * 

Saturators may be divided into three main types, depending 
upon the method by which the sul])hatc is removed: 

{«) Those from which the suljdiate of ammonia is re¬ 
moved by “ hand li.shing.” This typo is open to 
the air. 

{!>) Those from which it is removed by moan.s of a steam 
ejector, and which may be either covered in or open. 

(c) Those from which it is removed by means of a suit¬ 
able bottom discharge valve. 'I’heso arc generally 
totally enclosed. 

(a) Open Ilatid- Disclmrije, Type.- \ .simj)le typo of open 
saturator suitaldo for hand fishing is shown in Fig. 13. 
This consists essentially of a wooden tank formed of 9-inch 
by .3-inch redwood, securely bolted together and lined with 
sheet lead of 20 jjounds jier square foot. Best soft chemical 
lead should be used throughout the plant. The mid-feather 
a is of cast lead about -1 ineb thick, stiffened by a border 
and ribs, an extra 1 inch thick. The anirnoniacal gas enters, 
the saturator through the pipe, marked d. From the flange 
joint e this is made of drawn lead pipe from 4 inches to 
G inches in diameter, according to the size of the satimator. 
The end nearest the fishing pocket / is bossed up, and a lead 
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flange of suitable size is cast and “ burned ” on the top end. 
A number of J-inch holes are drilled in the pipe in either one 
or two rows, each hole being drilled at an angle so that the 
ammonia blows towards the fishing pocket. An iron pipe 
conducts the ammonia Trom the still to the saturator, and just 
before its connection to the pipe d a 5-inch hole is drilled 
which is closed by the tapering wooden plug marked g. During 



Fia. 13 .—Kand-Disciiakoi: Satuiiator. 


the cooling of the still, when operations have been stopped, 
this is removed in order to prevent t lie contents of the .saturator 
being sucked back. 

The acid and mother liquor are siqiplied to the saturator 
from two overhead tanks along lead jiipcs discharging into the 
.small tank A, the flow being controlled cither by rcgulus taps 
or earthenware taps covered with lead. The supply to these 
pipes may be conveniently cut olf at the tank end, either by 
means of regulus plug.s and seats or by a siphon box. Either 
of these methods is suitable for the supply of sulphuric acid, 
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as is shown in Fig. 15. in which the siilpliato of ammonia 
collects in a inamier convenient for ejection. 

The'clo.seil type of steam ejection saturator is the most, 
innilcrn. and tlie advantages it po.ssesses in freedom from 
smell and in laliour sa,ving conveniences as compared with 



FlC. I.V.—W'CLt. Cel; KjK(a’(JK. 


the older haixl lishing typ*^ givi- it |)o|)ularily in spite of its 
apparent com|)lication. 

circular form of the .a|)p.U'afus, made of jilatr^ lead and 
fitted with a .steam ejector as supplied hy .Messrs. Jo.seph 
Taylor and (.‘ompany, is sliown in Fig. Itl. A seal pipe is 
inserted as shown to enable samples for testing to be with- 
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drawn, and In order that the depth of mother liquor present 
may bo observed. The sulphate of ammonia is discharged 



from tlie ejector straight on to chaining tables, or into corves 
standing over a draining floor. 

(c) Bottom Discharge Valve Type of Saturator .—This type 
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provides a most satisfactory arrangement, and Colson’s form 
of the apparatus consists of a hotly of cast-iron sections lined 
with lead, the whole being strongly bolted together. 

Draining. —The crystalline animoniuni sulphate is periodi¬ 
cally removed from th*e saturator and placed u])on draining 
tables. The.se draining tables are constructed of 9-inch by 
3-inch planks on edge, e.xcept across tlu! end of the fishing 
pocket. They are proviiled with a lead lining (Id pounds per 
foot), this lining being turned over acro.s.s the end of the 
fishing pocket to form a gutter in oriler to allow the mother 
liquor to How back into the saturator in a clean manner. 
Upon the leadwork are laid |).eces of piteh-pin^^ 3 inches by 
3 inches, at intervals of about I foot. These support pitch- 
pine boards, 0 inches by 1 inch, upon which the salt is placed 
as it is .sco()j3od out of tlu,' well of the saturator, 'riio drainage 
of the salt is thus facilitated, and the leadwork protected. 
I'rom the draining tables the salt is ])eriodically transferred 
to the floor of the store, where, after being allowed further 
time for drainage, it is stacked in heaps for packing. 

The tinu^ that tlu^ s.dt will require to lie in store before 
packing will necessarily vary sonu'w h,a,t., but under normal 
conditions .about three to fijur days should sufliei'. 

'1 he tanks for the mother li(|uor should be of sullichuit size 
to allow of ample storag(‘ room during the .starting up of the 
plant, or during temporary stopp.age. 'I'lie total .stor,ago for 
mother liquor should be at least three times the capacity of 
the saturator. 

-Iho mother liquor obtained from the draining of the salt is 
collected into tanks, and is subsi'quontly j)umped by means 
of an acid elevator, or regulus metal steam injector, into the 
tank supplying thc^ saturator. 

Hydro-Extractors. - In order to shorten as much a.s posaiblo 
the drying time of the salt .after manufacture, hydro-extractors 
or centrifugals art? sometimes ma<le use of. Thc.se consist 
essentially of an outer cast iron circular vessel inside which 
is fitted a cc^pper container, the sides of the latter being per¬ 
forated with a larg(5 number (jf small luih^. Thi.s inner vessel 
is filled to a convenient height with the sulphate of ammonia 
as delivered from the draining tables or corves. The copper 
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vessel IS then caused to rotate at a very high speed, this 
resulting in the salt being forced against the sides, the moisture 
being expelled through the holes in the vessel into the^ outer 
cdsing, through the outlet of which it finds its way on to the 
draining floor bcneatli. The time required to ett'cct this 
drying will vary according to the condition of the salt as put 
into the “ hydro,” but will usually range from two and a half 
to four miiiurcs, according to the state of dryness required in 
the final product. 

Care nn?st bo cxerci,s(‘d in fixing the conditions under which 
the salt is finally bagged, lininediate packing after hydro- 
extraction ma^ result in the sulphate setting very hard, with 
detriment to the fabric of the bags.* 'I'ho heaj) obtained from 
the hydro-extractor should be turned ov(.'r a few times, and 
allowed to stand a few hours, before packing, ‘ 

'I’ho product as usually marketed is a salt of light grey 
colour, which is guaranteed to contain a minimum of 24 per 
cent, ammonia (NH.,). It usually contains from 24-2.') per cent, 
to 24-75 per cent. Ntf;,, from 2 to 4 per cent, of moisture, and 
is usually slightly acid, to the extent of n-l.') to 0-4 per 
cent, uncombined sulphuric acid (Ih.SOj). 'I’ho greater part 
of tho .sulphate of ammonia produced is ii.sed as a manure 
either by itself or combined with otlua- substances, and for 
this reason freedom from eyatu<les, which are deleterious to 
plants, is often a si)ceified i)ro[)erty on the ])art of the buyens. 

On prolonged storage under certaip,conditions, or by longer 
hydro-extraction, the sulphate may lose so much moisture 
that tho NIL, content may rise as high as 25-25 per cent. 
Such a salt, especially if also of fairly white colour, usually 
fetches tho top market price, but tho little extra price secured 
scarcely pays for the extra ammonia above the. 24 per cent, 
guaranteed in the normal way. 

Waste Gases, -'i'hat portion of the gases from the still 
which remains unabsorbed by the sul|)hurie acid in the saturator 
consists very largely of carbon dioxide, sulphuretted hy(h’Ogen, 
and moisture, together with traces of pyridine, cyanogen 
compounds, and many other substances. 'J'hcso waste gases, 

* Oil tho “sotting ” of salts, soo T. SI. Lowry and F. C. Hcmmuigs, J. S. C. 
1920,101 T. 
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which have an intensely objectionable odonr, after leaving the 
saturator pass through a baffle box to the superheater, as 
described above, wlaro by lieat ('xeliangc the temperature of 
the ainmoniaeal liquor is raised to about, 93° The o-.it 
gases from the superl'eater have to be .still further cooled to 
lit them for subse()ueut treatment. A simple form of ap¬ 
paratus for aceomplisbiug this [uirpose consists of a series of 
thin east-iron pipes, over wbieb is jilaeed a 3-i;ieb or 3-iueh 
wrouglit-iron water pi|ie pierced on its \mder surface with 
small holes, d'bis is couneetisl with a suit.ibU^ w,vter~supftly, 
and by means of a cock the supply is adjusted to s(auire the 
cooling of the gases to the tempcr.itiire of the iwr. 

After the waste gases are cooled and dried they may be 
dealt’with in one of three ways viz.: 

(I) Converted iido sulphuric acid by burning in con¬ 
nection with a chainber plant. 

(3) Convert(sl into sulphur by the Claus process. 

(3) Pas.sed through .in oxide of iron purilier, such as is 
used in gasworks. 

The //'on o./’o/c per//o?iw consist, of boxes containing t.rays 
covered with hydrated oxide of iron (l'’e.^(),i,3iLt)), over 
which gas (fi.i/.. coal gas) containing sulphuretted hydrogen 
(H,S) as iui|)urity ])asses. The sulphur is retained in tho 
form of iron sulphide: l■'eJ(),, | 311,S l■'(^S;, ! 311,^0. When 

the oxide is converted into sulphide, {‘'spent, oxide”) it is 
“revivified ’ by exposure to air: I'lgS., j 30 - 1 * 021)3 j-3iS'. 
W hen, after alternate use and re\ ivitieat ion, the mass contains 
about r>t) per eiuit. of free sulphur, it is burned in air to sujiply 
sulphur dioxide to acid |ilants. 

The Preparation of Ammonium Sulphate by the Direct 
Process. 

An intcro.sting plant was erected by .Mr. (leorge Wilton in 
191(1 at a small gasworks carbonising about 3,oOo to 2,.'>00 tons 
of coat per j'ear (sec Korty-seventh .Annual Hiqioi't of tho (.'hiof 
Inspector of Alkali Works. 1910, p. 00). Tho object of tho 
now plant was to deal satisfactorily with tho ainmoniaeal 
liquor, and particularly tho effluent from the sulphate of 
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ammonia manufacture, which contains sulphocyanides and 
phenols. Although this plant was installed in a small works, 
the process appeared suitable also for w«irks of much larger 
si!». The hot coal gas from the hydraulic main was passed 
through a condenser or specially constru'eted washer. In this 
apparatus the gas entered at the bottom, in such a manner 
that the condensed liquor ran away warm, and in consequence- 
contained very little free ammonia. 'J’he upper part of this 
condenser was used a.s a naphthalene arrester, containing a 
suitable solvent foi this material. The last traces of tar in 
the gas wore also arro.sted by this means. Suitable arrange¬ 
ments were ale.) made in orcbr that, if necessary, the gases 
leaving the condenser could be cooled. The gases then passed 
through the o.xhaustor and entered a lead-lined sulphuric acid 
washer. Fresh sulphuric acid was added from time to time 
to this absorber in such a tnanner as to keep the solution to 
a content of 1 per cent, of free acid. Wlien the solution in the 
washer had reached a certain strength some was withdrawn 
and forwarded to an evaporator, which consi.sted of a lead- 
linod pan fitted with a steam coil; (he solid crystalline sulphate 
of ammonia was thus produced, 'I'lic whole of the ammonia 
in the gas was said to bo absorbed in the washer, and by the 
employment of weak sulphuric acid the illuminating power 
of the gas was .said to remain unalTocted. The virgin liquor 
containing ammonia in the “ fixed ” condition was pumped 
into a tank, and from there (lowed jnto a direct-fired still. 
-This still consisted of a small column, from which the liquor, 
after admixture with milk of lime, flowed into three circular 
tubes, horizontally placed in the furnace, 'film ammonia and 
steam given oil in those evaporators were admitted to the 
column, and effected the necessary distillation of any free 
ammonia in the liquor there. From the column the liquor 
passed into the acid washer for the coal gas previously 
de.scribcd. 'fihero was no preliminary water scrubber in the 
gas plant, the virgin liquor resulting from the moisture in the 
coal, and the acid liquor employed in the washer being the 
only water introduced into the process. It was stated that 
the effluent was in this way reduced to one-fourth as compared 
with the ordinary sulphate of ammonia plant, and the process 
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had this fact to recommend it in cases where effluent disposal 
was a matter of some difficulty. At the start the process was 
adopted only in wofks of small size, but it became in more 
extended use and was in successful operation in works mak'ng 
500,000 cubic feet of’coal gas per day. In 1915 twenty-one 
plants were under inspection. The ojicration of the process 
eeemed to cause a certain amount of trouble in the oxide 
purifiers. Moreover, the yield of sulpliate of ammonia was 
at times very variable. 'I'lio latter in the majority of works 
was, in 1915, much below the anticipated figure; ouLof thirteen 
works from which returns were received five works had 
recovered loss than 17 pounds of sulphate of ammonia per ton 
of coal carbonised, six less than IS pounds, ton less than 

21 pounds, cloven less than 25 jiounds, and at two works only 
had the make exceeded this figure with a yield approaching 
28 pounds. The figure.s wen; disappointing, in that, properly 
worked, the process should undoubtedly have yielded a return 
exceeding that obtained with the ohhu' process, which averages 

22 pounds of sulphate of ammonia per ton of coal carbonised. 
Storage losses of aniiuonia would, in general, be greater with 
the older process, wliich necessitates the handling of largo 
volumes of ammoniacal liipior relatively rich in “ free ” 
ammonia. An enquiry was undertaken in the hope that by 
a close study of the conditions at various works and by careful 
analysis of the products data might bo obtained which would 
indicate the directions in which imj)r(jveniont might be looked 
for, both with respect to more regular working of the purifiers, 
and a higher yield of sulphate. The following conclusions 
were arrived at with regard f.o the conditions under which the 
purifiers might be expected to maintain good cflicicncy: 

1. The “moisture” content of the oxide in the purifiers 
should bo from 5 to 10 per cent., such hydration having regard 
rather to the reactive ferric hydroxide content of the mass than 
to the total mass of material, active and inert. 

2. Temperature.- (u) The crude gases entering the system 
should be dry and cool rather than moist and warm. It is 
essential that the moisture content should be low. 

(6) Oxide .—The temperature of the mass of oxide should 
approximate to 21° C. in order that the gas may carry away 
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as vapour the whole of the moisture equivalent to the sul¬ 
phuretted hydrogen absorbed. The conditions should bo 
adjusted so that tlie water of hydration set free and retained 
in tbo sulphide mass may be reab.sorbcd through hydration of 
re-formod ferric oxide, and tiot carried away in the exit gas. 

3. Impurities. -'I'ho crude gas should be freed as far as 
possible from tar fog, oils, najihthalene, and hydrocyanic acid, 
but should con<ain (••.5 to 1 grain ])er lOU cubic feet of ammonia, 
and also oxygen c(|uivalcnt to half the volume of sulphuretted 
hydrogen ps'cscnt. ' 

4. Purifier Boxes.- -'rheseshouhl be protected from the cold, 
and should be vorhed in rotation in such a way 'as to bring 
the material richest in ferric hydroxide into contact with gas 
richest in sulphuretted hydrogen, and the material riche.st in 
sulphide into contact with gas pixu-est in suiphuretted 
hydrogen. 

5. Direction of Flow. - It is best that this should be down¬ 
wards. 

6. Regulation of Working - The conditions throughout 
should be as regular as possible. 

((See Fifty-second Annual Iteport of the Chief Inspector of 
Alkali Works, 1015, |i. 07.) 

The following is an account of the detailed working of the 
direct ammonium suljdiate ])lant at one of the works under 
inspection: 

Virgin Liquor Still.- -Test of tlu' eUlqent liquor showed that 
on occasions serious loss of “ free ” a.nd “ fixed ” ammonia 
wa.s taking jilace; the still was overtaxed, and milk of lime 
added with little regard to the volume of liquor charged, 
thus: 

(i.) Viiyiii Liiiiior Fc.ad. “ Free ” ammonia, l'(»40; “ fixed,” 
0-880; total, l-Ol’o. 

Effluent Spent Liquor. - “Free'’ ammonia 0-0(i(i; “fixed.” 
0-330; total. O-tSOG a loss of 20 per cent., equivalent to 5 pounds 
sulphate of ammonia per ton of coal carbonised. 

(ii.) With increased lime feed and more careful steaming, 
effluent /spent liquor showed ” free ” ammonia, 0-0t(i; “ fi.xed ” 
ammonia, 0-003; total, 0-04!)- -a loss of 21 per cent., equivalent 
to j pountl of sulphate of ammonia per ton of coal. 
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It was then decided to charge the still periodically with the 
same volume of licpior and to add a fixed charge of milk of 
lime, .to work the tijp section of the still hot, and to increase 
the flow of water into the condenser. The altered procedjjro 
was entirely succcssfill; ii\ place of 17 to L’O galloms of liquor 
for seventy minutes,* :.’r> gallons were distil’-d, and loss of 
•ammonia in the sjamt liquor was minimised. But the im¬ 
provement was only made possibk; by conse(|uqnt changes in 
the absorber; to cope with the extra volume of ammonia from 
the still it was necessary to secure partial pr eomplf'te sejtara- 
tion of the ammoniaeal eoiuhm.sate from the Lii'big condenser, 
otherwise the eliluent bubbler Ihpior was fouiui alkaline under 
all conditions of work. This was elVecled by means of a small 
preliminary “ neutralising box " placed in the acid liquor 
circuit; tkc ammoniaeal condensate and uncondensed gaso.s 
were passed through this box Avith the a(dd liquor before 
entering the bubbler. Complete neutralisation was thus 
effected in a simpler manner and at minimum cost, as all 
the parts were made and fixed by local labour. 'I’he arrange¬ 
ments are shown diagrammatically in ]<'ig. 19. 

In Fig. 17, .1 is the lumli'alising box, a lead-lined wooden 
box 3 feet s(pLarc by is inches high; li is the usual iron seal 
pot receiving ammonia ga.s anil condensed liquor from tho 
Liebig condenser, C; 1) is the usual lead box for circulating 
liquor from the bottom of the bubbler A', raised 2 feet and 
connected with -1 by 1 inch jiipe sealed in liquor behnv from 
the neutralising box .1; The mixed ammoniaeal and acid liquors 
enter tho bubbler by the usual jiipe <i, sealeil below, and un¬ 
condensed gas by the usual unsealed jiijie b. J'’eed pipe F 
delivers strong sulphuric acid dircid fi'om overhead tank to 
the last compartment of the eliluent liquor tank, in place of the 
lead box as formerly. 

The following is a (h'.seription of the plant ojierated at a 
works carbonising an avi'iage of some 40 tims of coal per 
twentj'-four hours, with an average of about 13,009 cubic feet 
of gas per ton of coal carbonised. This works possesses four 
oxide purifiers, ('ach 24 feet square and containing three layers 
of oxide 9 inches di'ep. 'I'hc purifiers are built on columns, 
and are exposed to free circulation of air, but under a roof. 
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They are worked in sequence with upward flow of gas, and 
the first box is emptied when a foul test is obtained at the 
exit of the third. Revivification of tho spent oxide is carried 
oftfj^on tho floor of a largo shed. 

Tho acid bubbler is 0 feet square by'4 feet high, with tho 
usual effluent tank and lead box for circulation of liquor. 



FlO. 17.—XEOTRALISrSOiBoX. 


Before entering tho absorber the crude gas pas.se.s through a 
washer fed with ferrous sulphate for removal of hj'drocj'anic 
acid. Tho bubbler also receives ammonia from a continuous 
still fed with virgin liquor, and on occasion from a small still 
attached to the cyanide recovery plant. After passing through 
the bubbler tho crude gas traverses a long underground main 
(100 yards) before entering the purifiers. 
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The virgin liquor still is continuous, with automatic lime 
feed. The vapours aro partially cooled by a Liebig con¬ 
denser, the condensed liquid flowing to an iron seal pot placed 
above the bubbler. The exit from the seal pot has been altered 
to deliver the aminoniacal li(pior and uneondensod gases to 
the inlet gas mains in place of the bubbler direct, to minimise 
.the risk of local alkalinity. 

The cyanide recovery still is a small vertical still for removal 
of free ammonia from the cyanide sludge; the distillate enters 
the iron seal pot named above. Formerly “ climbing ” was a 
source of trouble, and a highly discoloured sulphate was 
obtained. To remove this dilliculty, the gases from the still 
were led through a short length of iron pijjo, 3 feet 3 inches in 
length by 10 inches diameter, placed close to the still, and 
with a draining pipe scaled in the third tray to remove con¬ 
densed liquor. The salt is now of excellent quality (seo 
Fifty-third Annual Report of Inspector of Alkali Works, 1916). 

The working of plant for the manufacture of sulphate of 
ammonia in gasworks by what is known as the " Direct 
Process ” was made the subject of special study and research 
during each of the four years 1916 to 1918, and the Alkali 
Reports for those years contain a detailed account of the 
investigations conducted iit typical works, and the conclusions 
based on the data relating thereto. 

The conclusion of the work in 1916 .still found one faced 
with the fact that the yield of sulphate in the direct process 
remained low, when judged by relative standards, even at 
W’orks where every effort was made to reduce working losses 
at the purifiers, storage tanks, and ammonia still to a 
minimum. 

Further experience confirmed the conclusion previously 
reached that a regulated supply of ammonia is essential to 
efficient purifier working in the dir(!ct jjrocess, especially 
during the colder months, when the oxide boxes are working 
at full load, and one is disposed to attribute much of the 
irregularity of working during the colder weather to the free 
absorption of ammonia by a relatively wet oxide and its con¬ 
version into fixed salts—thiocyanate and sulphate. When 
oxide fouls during such periods of disorganisation it is usually 
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found to possess an acid reaction and to contain marked traces 
of soluble ferrous salts, and that the free use of the ammonia 
hy-pasH has often cnalded the foul box to clear itself if a 
suitable temperature be inaiiitaincd. ' 

a paper read before the iSoulhern District Association of 
Gas Engineers and Jlanagers, on November 10, 1910, Mr. 
Phillip G. (r. Moon suinniarised tho financial advantages of, 
working tho IVarehain plant a.s follows: 

“ As there is no fuel or labour hill to be met, practically 
tho only ch.irgcs against tho sulphate .sold are the cost 
of tho acid used and the inlcrost and depreciation of 
the pla:it itself. The capital outlay is, however, so 
Hin.all, .and tho wear and tear of plant so inappreciable, 
that these eh.arges d(j not amount to very much per 
ton. I estimate that, selling tho .sulphate of ammonia 
produced at £11 per ton, there will be a net profit of 
.£7 per ton sold.” 

At works of the smallest size, .such .as Waroham, with an 
output, say, of 5 tons of sidphatc jut year, no attention was 
then paid to the collection and distillation of the virgin liquor 
that conden.scs. It was simply run to waste. 'J'he estimated 
loss of ammonia, though small in itself, perhap.s, was rela¬ 
tively large, and was cstimatetl .at W'areham to amount to 
fi-l pounds of ammonia per ton of coal carbonised. Un¬ 
doubtedly tho problem was thus greatly simjdifiod for works 
where diluent liquor.s of this charat-ier coulil bo discharged 
without complaint, both with respect to labour charges and 
purification practice. ,\t lai-gcr works, such as Dunstable, 
where 2.(H)0 to tons (jf coal ai'c carboni.sed yearly, with 

a production, .say, of 25 tons of sul])hate per annum, other 
considerations ari.se. and more cl.iboratc^ anil costly plant, 
with attendant increased charges for labour, had to be installed. 
To tho acid washer was tlierefoi'c added the ammonia boiler, 
which demanded tlii! more or les.s^constant attention of a 
skilled attendant. 

The expectation formed at this eai ly date of tho volume of 
liquor to bo distilled and of the ciTect of the ailmtssion of the 
aminoniacal vapours and accompanying gases to the acid 
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washer have not been realised in subsequent experience. The 
boiler first introduced to deal with the virgin liquor soon gave 
place to an ammonia still of more modern type, and lately 
stilts of the intermittent type at more than one works liaye 
had to be replaced bv •more powerful plant of the continuous 
type. The volume of virgin liipior calling for treatment at 
many work.s, far from being Id to |g gallons per ton of coal, 
often exceeds IS to 20 gallons and even Oo gallons in excep¬ 
tional cases. With the larger volume of li(pior is condensed 
a larger proportion of ammonia in the erud ; co.al gas leaving 
the retorts, and the virgin liqour often eontaiiis a larger amount 
of ammonia tl.'an that entering the acid washer direct with the 
crude gas. 'J'his is more espeeiallv the ease during the 
“winter’’ months, when the volume of litptor will bo at a 
maximum, due in part to the higher moisture content of the 
coal stonsd in the open, and in part to the inerea.scd con¬ 
densing clfeet of air condensers and connections at winter 
tttmperaturo. 

With the introdnediou of stills and the admission of the 
disengaged .ammoniacal vapours direct to the acid washer 
there ensued, at sever.-d of tlu' larger works, jtrolonged .and 
disastrous periods of disorganisation at tlu! ]mrifiers, duo to 
the overheating of the washers and the passage of an undue 
amount of moisture to the oxide Imxes disorganisation which 
at that i)eriod w.as oidy in part avoideil by l)y-passing a largo 
proportion of the ammonia ilircet to tin; purifiers. 

The conditions for eliiciency are now better known: the acid 
washer is kept cooler; drier oxide is now ehargod in the purifiers; 
boxes, where cxj)osed. have been protected from tin; weather 
and their tempcr.ature regulated by thermometrie data 
systematically recorded; and, of late, further inqjrovement has 
been etfectod at ttio best conducted works by the adoption of 
the “ backward system ’’ of oxide purification with downward 
flow of gases, in place of the okh-r .system of working the 
purifiers suoce.ssively to exhaustion in .sm’ie.s, and with upward 
flow of gases through the boxes in sequence. Further relief 
has been afforded, in certain cases, by tlie introduction of a 
“ neutralising box ” or “ neutralising pipe ’’ at the acid washer, 
to secure a better circulation of acid liquor within the system, 

8 
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and by the use of a preheater at the still; and, lately, at two 
of the works hoods have been erected over the evaporating 
pan and the vapours of steam and pyrjdine drawn away for 
discharge at a suitable level outside the sulphate house.- 
Technically speaking, the efficiency of the plant, as now 
operated in the host-condnctccl works, 'apart from the recovery 
figure for sulphate, leaves little to be desired; but the process 
still throws on the coal gas |)urifiers the burden of dealing 
with the whole of the foul gases in the crude coal gas leaving 
the retorts—carbon dioxide, sulphuretted hydrogen, and 
hydrocyanic acid unlike the older distillation process, in 
which some ll.'i per cent, of the carbon dioxide,- 7 per cent, of 
the sulphuKitted hydrogen, and a notable pro])ortion of the 
cyanogen compounds, are removed by washers befcjre the crude 
gases enter the purifiers.* • 

The technical improvements noted above, though un¬ 
doubtedly affording relief from the disorganisation at the 
purifiers, and clfecting some conservation of ammonia formerly 
lost in the cflluent still liquors and at the bo.xes, have done 
little to reduce the cost of labour in the sulphate house, and 
it is now a serhnis consideration with some man.agcrs whether 
economy would not bo (dfccted by a conversion of the acid 
washer or evaporating pan into a saturator of ordinary typo, 
with storage of liquor for periodical operation of the still and 
with diversion of the foul gases to ajrpropriato purifiers or 
oxide heaps. At three of the works, indeed, the “direct” 
process has now boon replaced by one of the older distillation 
type, with marked improvement in the recovery figure for 
sulphate. At a fourth works replacement has been temporarily 
suspended pending trial of a suggested modification to permit 
of the neutralisation of the ammonia vapours disengaged from 
the still in an appropriate lead-liiunl seal pot fed with acid 
liquor continuously circulated from the washer, with diversion 
of the liberated foul gases—carbon dioxide, sulphuretted 
hydrogen, and hydrocyanic acid to an oxide heap suitably 
placed outside the building. 

* See Thomas Ilolgato, Journ. Oas Lighting, August 30,1904, p. 002. 
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Ammonia Solution. 

ThQ apparatus so^ far dcsoribod is applied to tho manu¬ 
facture of ammonium sulphate. A Gorman type of still for 
the production of ammonia solution aqua ammonia ”) is 
shown in Fig. 18. Miik of lime is introduced by the pump D 
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into a lower compartment, A, of the still, with a deep bubbler 
so that the liquid is effectively stirred. The milk of lime 
passes to the pump throui'h a wa.sher, (7,^11 which the ajnmo- 
nih,cal vajiours from the toj) of the still are seriilihed free’ from 
sulphur compounds before ])assinc (o the alcsorber, E, in 
which they are bi-on^dit inf.o cotif.icf. wiffi water for absorption. 
'I’he absorb(‘r is cooled by circnlclion of li((uor jmssing to the 
still through three alternative feeds, as shown. B is a liquor 
preheater. 

I < 

The Economics of Ammonia Recovery. 

The cost of rv'covering ammonia during the carbojiisation or 
gasification of coal, and of converting it into ammonium 
sulphate, will vary according to the particidar industry selected 
and with the type of recovery process adopted. 

A broad distinction may be drawn bet ween those industries, 
such as the illuminating gas iuilustry, in which crude amnuuiia 
liquor is recovered by water absorption and those in whicli the 
ammonia contained in g:as is li.\-(>d directly in the -form of 
sulphate by means of semi direct or direct I'ccovery processes. 

Cost of Manufacture of Sulphate from Gasworks Liquor. 

'I’hc Nitrogeir Products Committee (Pinal lleport, 1020, 
p. 2.30) deal only with aidlioritative ligures " of the pre-war 
costs involved in the m.anufacturo of sulpliat.' from crude 
ammoniacal liquor ,at a selfcontained works making its own 
sulphuric acid, but ])\u'chasiug tlu' crude licpior. 

Capital Costs. The capituf cost of the sulphuric acid plant 
amounts to about .tl-To per long ton of 70 per cent, acid per 
annum, or £1-92 per Id tons of acid (the amount required to 
produce 1 ton of sulj)hate of ammonia). 

'I’lio e.apital cost of the jilaid for woi'king up the crude g.a.s- 
work.s liquor and fixing tin? ammonia as sul|)hatc amounts to 
about £4'.') per long ton of sulphate per annum. 

The capital cost of the comjilefe works rvould thus be £l'92 
plus £4'.T equ.al to £(c42 in .all, ])er ton of sulphate per annum. 

Production Costs. —d’he cost of making the sulphuric acid 
may bo placed at £1 per long ton, inclusive of all charges in 
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respect of labour, materials, repairs, maintenance of the plant, 
and interest on capital. 

The cost of working up the gas liquor and fixing the 
ammonia (exclusive of losses) is as follows: • 

• l^ulpktte 

pa' Loii<j Ton. 

Miilcrials: £ s. il- 

• I'l tonsof 70 per rent. siil|)liui'i<‘aciO at II .. .. 12 0 

1-,‘i Uia.s dT fua! at 7.^. 0(1. .. .. .. .. ODD 

0-2 yard of linH! at lo.s, .. .. .. . 0 2 0 

ilanufacliii-in>; i-o.sls, iiu liidina laOoiir. r, |(;dts. 
niaiuloiiaiu'c, j^f'iiaral fliai'y<'((, and iidt-ri'.st at ^ 

5 [jor cent, ,. .. .. .. .. .. 17 0 

12 1 0 

iVofe. —These figures do lud, iiieloih' the cost of the crude 
litpior rc(|uired |)er ton of sulplialt^ tnauufactured, wliich 
(allowing tftr a loss, say, of 2 per cent, aiuiuonia) would amount 
to about 11-7 Ions of .S-oiinee li<pior (l-T-'t ])er cent. Nil,). 
The market jiriee of siieh liipior itsedf would be ba.sed upon 
the market price, of std|)hate. which amounted (average 1911- 
19l.‘!) to*£l.'! Ids, ,sd. per long ton (21-r, per cent. NH,,). 

The cost of ]nircha.sed sul])horie acid is given (ihid., p. 13) 
at £1 10s. per long t(di, |)rcsumahly delivered at the con¬ 
sumer’s works. Ivvtduding t he cost of gas liipior, .and assuming 
purchase of acid at tlu; ahovti price, (he lowest average cost 
of production of 1 long ton of sulphate at pre-w.ar prices would 
thus be somewhere in tlu^ neighbourhooil of t.'bo (£3 lOs.). 

In the Fifty-fourth Annual lieport of (he Chief Inspector 
of Alkali Works, 1917, Mr. David Vass, engineer and manager 
of the Corporation Gasworks at Perfh, suppliers figures relating 
to the mauufacturo of sulphate of aunuonia for the years 
1913 to 191.S, which arc presented in Table A. 'The cost for 
fuel is arrived at by taking a teidh part of' the cost of the, total 
fuel used in the boilers. The sulphab^ jilant is suj)|)lied with 
steam from the same boilers, and a daily estimate is made of 
the total fuel consumed. All the other items, with the excep¬ 
tion of depreciation, arc actual outlays for sidphate alone. 
Depreciation i.s put in at a lixed sum of £02 19s. No sum is 
allowed for oHicc maiiagcmenl, rent <if premi.scs, etc,, and 
similar landlord’s charges, which would bo ai)plicable in the 
case of a private manufacturer. 
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Some of the figures supplied by Mr. Vass are presented in 
Table B (Works “C ”), together with the average eost items 
for acid, fuel, lime, wages, and depreciation for the four years 
IS 16 to 1918, to compare with similar figures relating to 
Works “ A ” and “ B ” in the Horae Cbuntics. In the latter 
case some of the figures— e.rj., for lime and fuel (Works “A ”) 
and of fuel (W'orks “ B ”)—have had to bo estimated. This, 
of course, somewhat detracts from their value, as the fuel item 
is undoubtedly an important factor in the manufacture of 
sulphate, and tliem is certaijily room for economy in the fuel 
consumption at many of the smaller sulphate works. 

In Table 0 aro*])rcscnted co.st items relating to the “ Direct ” 
process at the large.st and best comlucted Works, “ E.” 

In Table J) the average cost items for the years 1916 to 
1918 relating to the three Works, “A” and “ B(Table B) 
and Works “ E ” (Tabk; ('). are. compared. It is interesting 
to note the relatively heavy cost for acid in all three works; 
that for labour is markedly higher in the ease of W'orks “ E,” 
operating the “ Direct ” process- 28 per cent, of the total, as 
against 17-.6 and IT-O j)er cent, respectively, for the older dis¬ 
tillation process at Works “ A ” and “ B,” and 21-2 per cent, 
at Works “ C ” (Table A). 

The By-Product Ammonia Industry. 

The by-product ammonia indastry may bo regarded broadly 
as an outcome of the development of the illuminating gas 
and coke-oven industries, and its rajhd c.vpansion is indicated 
by the fact that during the period 190,'1 to 191.3 the world’s 
prixluotion of ammonia nitrogen increased to the extent of 
over 150 per cent, .lust before the war this industry ranked 
almost equal in imp.jrtanec with the ('liilean nitrate industry, 
for although the world's production of ammonia nitrogen was 
less than the output of nitrate nitrogen, the rate of increase 
in the former exceeded that of the latter. 

The scale of the world's production during the years 1903 
to 1919, and the eorre.sponding average annual market prices 
in the United Kingdom, are set out in Table E. The whole out¬ 
put is there expressed as ammonium sulphate, though a portion 
of it was, of course, actually in the form of ammoniacal liquor. 
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ORDINARy DISTILLATION PROCESS. (I'RIARTON WORKS OF THE PERTH CORPORATION.) 
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“ Profit made 
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TABLE B (toniinuetl).—COST OF MAKINi. aULPIfATE IN CASM OEKS: ORDINARY DISTILLATION PROCESS. 
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Depreciation, taken as fixed 
charge. £62 10s. 
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Table C.—Cost oe Makin’o Sulphate in Gasworks: “ DiREcrr *’ 
Process. 


Cod 2 )er Long Tod of SiUpJuUe made . 
(24| per NHf). 


Works “ E.” 

1915. 

1910. 

1 ^ 

1917. , 

1918. 

. 1 verage, 
1915(0 
1918. ■ 

Total aulphalo made .. 

’ no toas 

' 1*5 ions 

(17 tons 

120 tons 

112 tons 

Materials: " ' ! 

C s. ( 1 . 

£ s. (1. , 

, i s. < 1 . 

.C H. d. i 

£ 8 . d. 

Acid.. ,. .. 

1 15 8 

1 5 10 

5 3 0 

5 14 2 1 

4 4 9 

Tuol (ono-tcRth of 
coko used 'on 
boiloLs) 

i) « 8 

0 10 s 

0 8 5 

1 

0 8 11 

0 8 8 

Liiiio 

0 ;i 0 

tl 5 (> 

1) 0 9 

0 10 0 

0 6 5 

Manufacturing Costa; 
Wages .. 

l ,S 10 

2 1 5 

' 1 15 (i 

2 10,0 

1 19 2 

Kepairs, interest 
on plant, etc. .. 

Not 

stated i 

-- 

--- 

— 

— 






0 19 0 


TaOLE D .—COMPAHATIVE ('oST OF MATERIALS ANO liAROt'R IN MANUFACTURE 
OF Sulphate ry tur Ouiunahy Distillation anj> “Direct” 
l^iocEssKs: Average Cost, 1015 to 1018 . 

Ordinuri/ DidilUUion iVw:c.s.v. “ Direct" Process. 

“.I,” 11 " li," Works" E" 

M iddlesex. Herts. Herts. 


Per Long Per Cent. Per Lf>ng Per Cent, l^er Lomj Per Cent. 
I Ton of j of Total , Ton of of Total Ton of i of Total 
SiUpftale.\ Cost. Stdphale. Cost. .Siil 2 )kate.' Cost. 


Total sulphate made 


157 tons 


132 tons 


112 tons 

Materials & Wa^es: 

£ 

.s < 1 . 


i: 

s. <1. 


i 

s. 

cl.^ 

Acid 

3 

5 () 

48-0 

5 

12 1 

71-0 

4 

4 

9 61-0 

Fuel (estimated) 

2 

i 0 

;{o*5 

0 

15 10 

100 

0 

8 

8 0-5 

Dime 

(► 

5 8 

4-0 

0 

3 0 

2-0 

' 0 

(5 

5 4-5 

Wages .. 

1 

4 8 , 

I7-5 

; i 

7 1 

17-0 

, 1 

19 

2 28-0 

Total .. 

6 

16 10 

100-0 

i 7 

18 0 

100-0 

- 6 

19 

01 100-0 


The price in column 4 of Table E refers to a product con¬ 
taining 24 per cent, of ammonia for the period 1910-1913, and 
24-5 per cent, for 1914-1919. 
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Table E.— World’s Pboductioii of Ammonitjm Sulphate. 


Production of Ammonia Averai/e Anmail Market Price of 
Kitrofjfin. ^Itni/wtiia Nitrogen as Sulphate. 

. ’ ' _ „ _. .. r 




• 

SulplMte (24 to 
24.1 per Cent. 
Mljl/.o.t. U.K. 
Porte, per iMug 
Ton (f Product. 

i Combined 

Year. 


Comhin&l 

Nitrogen oa 


Ammonium 

Nitroijmon 

; liaais if 25 per 


Sxdphale. 

Basis of 25 per 
Ceni. NHj. 

Cent. NHj, per 
Metric Ton of 
. • Nitrogen. 


Long Tone. 

Metric Ton.'i. 

t J. <1. 

Pounds. 

1903 

640,200 

112,900 

12 9 

; •69-65 

1904 

594,500 

121,250 

12 3 8 

08-23 

1906 

640,900 

133,940 

12 10 9 

59-93 

1906 

716,100 

149,660 

12 0 9 

57-64 

1907 

895,320 

187,120 

11 15 8 

66-32 

1908 

8.58,000 

179,320 

11 12 0 

55-44 

1909 

978,000 

204.100 

11 5 0 

53-77 

1910 

968,579 

202,560 

12 3 2 

60-40 

1911 

1,079,364 

221,161 

13 15 3 

68-40 

1912 

1,212,656 

248,453 

14 7 9 

71-60 

1913 

1,381,827 

283,136 

13 7 8 

66-60 

1914 

1,186,741 

243,163 

11 7 1 

55-40 

1915 

1,173,091 

240,366 

14 .8 1 

70-30 

1910 

*1,202,548 

246,402 

16 0 0 

78-10 

1917 

979,43() 

200 , 6 S(>' 

1 17 17 0 

1 15 18 0* 

87-10 

77-50 

1918 

1,118,620 

229,205 

(23 2 11 
( 17 7 6 * 

112-90 

84-80 

1919 

1,466,000 

300,383 

('26 12 6 
(20 6 6 * 

130-00 
; 99-20 


The figures given in Tal)lo F give Iho production of am¬ 
monium sulphate hy individual eountries for the years 1911 
to 1919. The quantities in both 'I’able E and Table F should 
bo regarded as approximate only. 

The German figure.s for the war period ])robably represent 
sulphate used as fertiliser oidy. The figures for the United 
Kingdom refer to actual sulphate. 

About 70 per cent, of the total output of ammonia nitrogen 
was therefore produced by Germany and the United Kingdom 
alone. 

It should be noted in passing that in 1913 the coke-oven 
industry was responsible for 3(i per cent, of the total German 
production, and for 78 per (iont. of the total output of the 
United States, as compared with 3o per cent, in the case of the 
* Home. 
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United Kingdom (“ International f'rop Report and Agri¬ 
cultural Statistics," International Institute of Agrieulturo, 
Rome, yol. vii.. No. 0. Septemher, lOlii; also Alkali Inspector's 
Report for 101:!). ' „ ' 

Consumption. 

The followinj' ligiires li,>ve lu'cn yiven for the world's eon- 
silmption of ammonium sulphate from 1012 onwards (Table G). 

fl 

I'ABr.r; (!. Wmu.u's Cosscmi'tion' nr Ammunicm Sia.ruATi'. 


in Mtirir Tnnn. 


Connfrn. 



I!)i2. 

lilt:!. tint nits. 

nut). 

Gorni.anv .. * .. 

I-J uUllO 


.'>os,ooo 

UniU“<( Stiitus 



:io4,ri0u 

Jajian 


1 InJHH) 

152.000 

Unitofl Kintrdotn .. 


ds.r>n7 

204.000 

Franoci 

'."l.OdO 

!)7,0(K1 

81,2(10 

Spain and Fortimtd 


7.7,0(K> T; 

s;(, 2 oo 

.T.ava 

r»7.oo() 

ds.iMHi •*; 

71.000 

Hclyium 

•L’.dOd 

1.7.700 

40,000 

Italy 

LV >..■»( M) 

:i:!,non -g 

;:u,r,oo 

Austria-IIiinKaiT .. 


H;.0oo ;; 


Xuthcrlnnds 

•S.OOO 

s.niin Z 

If),200 

Cgri't . 

ij;r>d 

2.01)0 ' " 

1,0(10 

Swoilf-n 


i.:;.')0 

i,:t7o 

l)(‘nmark .. 

7it 

200 ^ 

;ioo 

West Indies and Duinnrara. 



12,200 

Manritnis .. 



0,100 

Aii.sti-a1ia. .. 



2,020 

T..tal .. 

1,1 ti.in:; 

I.2S1I.777 

l..'i(W,200 


About tin ])er cent, of the total pre war eousum|)tion was 
therefore .accounted for by the reipiiremenls of Germany and 
the United States alone. 

In Table 11 are given figures with speeilie reference to the 
British pre-war industry. The tigiues are inclusive of all 
forms of ammoniacal ecjinpfjunds, such as ammonia liquor and 
ammonium salts, expressed in terms (jf ammonium sulphate 
(Final Report, Nitrogen Froduets Committee, 1020, and 
Statistieal Supplement, 1021). 

The table on pp. 120 and 127 levcals a number of striking 
facts, which may be summarised as follows: 








126 


THE NITROGEN INDUSTRY 


TAKLE H.-BRITI8H PRE-WAE PRODUCTION, EXPORTS, 

(Expressed in Terms op Ammonidm 


V.. 

Source and Disposal. 

1003. \m. : inOo. ‘ ' 1907. 1908. 1909^ 

! ' • ' 

Production: 

(jasworks 

Ironworks .. « 

Slialo works .. 
Coko-oven. works 
Producer ga^ and car * 
boniaing works (bone 
and coal) 

« ‘ 

Total: 

As sulphate (long 
tons) 

As combined nitro¬ 
gen (metric tons) .. 

UO.fS'.l 1.5(1.208 1.5.5,1175'157,KiO 1(15,474 165,218 
111,110 10,.568 20,;i7(ij 21.284 i 21,024; 18,131 

37,353 42,486 j 46,344' 48,534; 51,338; 53,628 

17,438 20,848 30,732' 43,677' 53,672 64,227 

; ' ! i 

10,265 12,880' 1,5,705 18,736 21,873; 24,024 

r64,276 
20,228 
67,048 
82,886, 

i 

24,706 

' ! i ' ' . 

233,604 215,900 260,114 289,301 313,281 .325,228 

! ; • 

349,143 

47,000 .50,120 ,5,5,100 ; .50,320 ; 64,220' 66,070 

! • i ' 

; 

71,570. 

Exports: 

As sulpliato (long tons) 

As other products ex¬ 
pressed as sulphate.. 

As combined nitrogen 
(metric tons) 

162,300 177,2.S0 ,180,;),50 201„500 230,000 235,000 

■ 

264,000 

- — — 

— 

3,3,270 ; 36,310; .38,810' 41,300' 47,150 ! 48,170 

64,120; 

•Estimated homo con¬ 
sumption for all j)ur* 
poses (including fer¬ 
tiliser: 

As sulphate (long tons) 

As combined nitro¬ 
gen (metric tons) .. 

Estimated use for fer¬ 
tiliser (long tons) 

Estimated use as com- 
, binod nitrogen (metric 
[ tons). 

1 ‘ ^ 1 ^ 

71,700 (18,500 j (i8,O0((^ 82.000 87,.500 ; 83,000 

87,000 

14.600 14,040 j 13,04(1' 16,810 17,930. 17,010. 17,830 


_ _ 


(From the Final Report of tho Nitrogen Products 








127 


AMMONIA AND AMMONIUM SULPHATE 

AN]> CONSUMPTION OF AMMONIA NITKOG13N. 

Sulphate, 24-6 pee Cent. NH,.) 


• • 

,1910. i 1911. ; 1912. ( 1913.. 1 1914. i 191,';. j 1910. 

' 1917. 

; 1918. 

J 

191'J. 

1*67,820:108,783 172.094 182,180 175.930 173,07.5 472,20! 
20,139 ! 20,121: 17,020: 19,950 10,008' 15.1121 10.154 
69,113! 00,705 i 62,207 03,001 , 02,749 58,820 i 07,988 
92,665 105,343 104,932 133,810 137,130,110,400 459,500 

1 1 ' 

: 

1.88.178 

13.6;J1 

60.56( 

166,354 

j 173,,541 
! 12,717 
58,311 
164,^48 

» 

173,50 

10.87 

48,01 

144,36 

' 1 1 

27,850 29,964 : 32,049 33,605 34.295 33.2181 28,780 

29.604 

23,534 

20,151 

1 1 1 

367,587 384,970 388,308,’ 432.018 420,412 4’20,207 433,703 

' • ■ ' 1 

j 

1 

,4,58,617 

4.32,551 

397,61: 

70,360! 78,920; 79.000 ! 88,080 87,410 ,87,3,80 1 88,880 

93.980 

1 

88,640 

81,461 

• , 1 

284,000 292,000 287,0001.323,000 313,341 '293,803 ^259,290 

62,931 

19,150 

94,43C 

i ! i i i 

j — — i 14,000 12,000; 14,000 i 15,000 

12,000 

8,000 

17,606 

■i>8,220 69,860: 68,830: 69,100 66,600! 63,100 56,100 

! 1 1 i : 

_ ■ ‘ ] 

15,400 

5,700 

23,000 

f i ' ' ■ ^ 

i : ; 1 ^ 

87,000 80,500' '10,000, 97,000 101,000 !l 18,000 460,000 

384,000 

104,000 

285,500 

1 1 ’ 

1.7,830' 17,,520: 18,4.50 19,880: 20,700j 24,200 : 32,800 

78,700 

82,900 

58,600 

~ — -- i <50,000; ! ' 80,000 230,00012.34,000 

269,000 

— j — — 1 12,000: — 16,000 

46,000 

47,000 

54,000 


Committee, 1920; and Statistical Supplement to same, 1921.) 
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(rt) Tho total British production of ammonia nitrogen in 
191.“! was practically double tho production in 1903. It has 
decreased somewhat since 1913. 

{!>) Of (lie producing industries, the‘ nVovery coke-oven 
industry has shown a nunarkabk! c.\|iansion, the output of 
by product ;unuionia from (his source in 1913 being nearly 
eight times the output in 1903, and amounting (o over 30 ])Qr 
cent, of tho ^otal proiluction. 'I'lie maximum production from 
this source was in 1917; since (hen it has decreased. 

(r) 'file gaswoaks industry, whii-b occujiicd an outstanding 
position in 1903 and accounted for nearly (>o l)cr cent, of the 
total output .of. .ammonia nitrogen in that year, exhibited a 
steady expansion, with an inercast'd output of 20 |)cr cent., in 
1913. Sinci^ 1913 tlu^ supply Inis steadily declined, with the 
exeeiition of the year 1917. fn conseipience of the develop¬ 
ment of the other by product indusirics, (bis output repre¬ 
sented about 40 per cent, of the total in 1913. In 1919 tho 
percentage was aliout 42. siuci' (he total production had 
declined to 92 ])cr cent, of (hat. in 191,3. • 

(d) fn the case of llu' smaller by product, industries, the out¬ 
put from producer gas and carbonising works had trebled in 
1913, from which ilate it has sti-adily diminished; while that 
from shale woi'ks, which had nearly doulileil in 1913, has also 
steadily declined since that date. The out])u( from ironworks 
during tho period 1903 to 1913 rcmaineil stationai’y, but 
declined considerably in tiie prrioil 1913 to 1919. 

(c) Tho liritish exports of ammon’ium sulphate in 1913 were 
douhlo those in 1903, accounting for over “.a )>er cent, of tho 
total production, as conpiared with nearly 70 jicr cent, in 
1903. fn 1919 the exports had fallen to about 30 per cent, 
of tluur value in 1013; the exports in 1919 represented only 
about 1.8 ])er cent, of the total production. 

(/) 'the e.stimated home consumption for .all purposes, 
although showing a steady expansion, w.as only 35 per cent, 
gre.atcr in 1913 than in l!)o3. rejn'e.scnting about 22 per cent, 
of tho total ])roduc(ion in 1913. the home consumption for all 
purposes in 19 i9 was o\ er 70 per cent, of the total production. 

The extension of the coke-oven industry during the w'ar 
period, conserpicnt upon the augmented production of iron 
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and steel, was acoompanied by a substantial iiioreaso in tin' 
output of by-product ammonia, more partitmlai ly in (imnany 
and thg United ,StaU's. 

.Market Prices. 

The marhel- price of ainmnnia, ni(roc<'n ilcpcnds upon (ho 
precise form in which il is placed (jii I he marhcl. TIk' more' 
importani forms in wlii<di by produci .■iinmonia is ulilised 
(aunineridally arc .as follows: ('rude yasworhs liipmr (fa:.. S (o 
10 ounce li(pior, cipiivalcnt (o I-7d l.i L’-)-; |||.|. cud 11 ,); 
eoneenirafcl cas liipior coidaiuiiic 15 (o do p(U’ (ami. of Nib,; 
pure ammoiii.'i liipior or spii it (ajidaiiMnL; from do (o .'ta-li per 
cent. Nib, (sp. yo’. o-s.s): a.idi\>irous liipiid animonia; and 
ammonium sul|)h.di‘. 'I'hc liyurcs civen below deal with flic 
eorre.spondinc market |)ri(a'.s of ammonia ndroyen on (lui basis 
of loiif; ton.s. 

1. Crude easuau’ks liipior of s ounce s(ren"(.h. eoutainiiif; 
I'Vd per cent. NH;, lamld be puridia.scl prior (o the war for 
about. I ts, per tern delivered, lairrespondinp, to ,(M0-((i per ton 
of actual i?lL in the form of ,s ounia' liquor. 

2. Coneentrated eas liquor eoutainiug. say. I t to 17 per 
cent. Nib, could be purchased duriiie |!l|| t.o |!)|:i for an 
aver,ace ]irie,e of about Os. Od. per unit (I percent. Nib,) |)er 
ton delivered, corresponding to, say, ,t7-( per (on of Hi per 
cent, liquor, or .b(()-25 per ton of actual NM,, in the form of 
I fi per cent. li((uor. 

2. t’uro ammonia s|)iri(, i2n (o 25 per laud. Nil,.,) lamld be 
purchased under prewar coiidilions for an avera.qe price of 
about in.s. .‘Id. per unit |)er (on at (he maker’s works, eorre 
spondine to .£I2-,SI per ton of spirit (25 per cent. N'll,,), or 
£5l'2.5 per ton of actual Nib, in the form of pure spirit. 

4. Anhydrous liquid ammonia was woith about Is. per 
pound prior to the war, or about I'l 12 per ton. 

.5, 'bhe pre-war market price of ammonium sulphate in (his 
country (averaec H)l l-l!)i:i) was .tl.'l Mis. Sd. (tl.'t-.s:!) per ton, 
calculated upon a content of 25 per cent. Nib, (nominally 
24 percent), equivalent to £l.‘b(il per metric ton. C5(-4I per 
metric ton of ammonia in the form of ammonium sul|)hate 
(25 per cent. Nlf,), or £(l(l-l(» per metric ton of combined 
nitrogen in the same form. 


9 
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The selling price of ammonium sulphate fluctuated con¬ 
siderably in this country during the war period, varying 
from £14-4 per ton in 1915 to £17-23 per ton in tlip early 
months of 1910. In the latter part of 1916 the prifco was 
fixed by a (ioverniiK-nt Committoo at £15, and subsequently 
at £15-5, per ton at Ibe works, and early in 1917 the price was 
fixed at £15-5 jicr ton at tlie works and at £|0 delivered. 

The last-mentioned figure is equivalent to £04 per long ton 
of ammonia in the form of sulphate (25 per cent. NHj), £02-98 
per inetnc ton, dr £70-45 per metric ton of combined nitrogen 
in the same form. 

The lowest recorded price of ammonium sulphate in this 
country (in 1897) was £7-5 per long ton, equivalent to £7-38 
per metric ton. or £35-81 ])('r nn-trie ton of eomliined nitrogen 
in tlie form of sulphate (25 jier cent. Nil:,)- 

lly far tlie largest jiroportion of the ammonia nitrogen 
produced in this country is fixed in the form of ammonium 
sulphate. 'I'he market price of suljihato has hitherto been 
based upon a quality termed “ grey,” containing 2 . per cent. 
NII3, but the custom of the trade i,s to supply a product con¬ 
taining 24-5 per cent. NII 3 , while a standard of 25 per cent. 
NH 3 appears to be coming into vogue. 

The usual method of arriving at the market price of am¬ 
monia in the form of crude liipior is to make certain deductions 
from the market price of sul[)hate f.o.b. an English port, 
'these deduofions are as follows: 3-5 per cent, of the price of 
sulphate, n-presenting brokerage and commis.sion for marketing, 
and a further sum of fhe order of £3 per ton of sulphate, 
representing the ]jre-war cost of converting ammonia into 
8 ul])hate, inclusive of the cost of acid, labour, packages, and 
so on. In the ease of sulphate contaiiiing 25 per cent. Nils, 
the balance after (hesi- deductions have been made rciiresents 
the market prii-o of 25 unifs of ammonia (0-25 ton) in the form 
of crude liquor. 

Apiilying the above method to })re war market prices of. 
sulphate assumed to contain 25 per cent. Nib,, the following 
figures are obtained: 

(a) With sulphate at the pre-war (average 1911-1913) price 
of £13-83 per ton, the market price of 0-25 ton NHj in the 
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form of crude liquor would bo oqiiivalont to £41'4 per 

ton of ammonia. 

(b) With sulphate i\t the lowest known market price in this 
country (in 1807) nanioly, f/ f) per ton the market price 
of 0'2r) ton of NIL iu the form of ermle liquor would he Cl’-’l, 
e(pnvalent to £U>-0(i per ton of ammonia. 

•Tn eonsequenee of the abnormal ])ric(( of sulphuric acid and 
of the cost of labour and fuel under u.i.r e<mdi(iousrthe method 
of deduction referred to above e:innol be relied upon l^pive 
a fair indicatif)n of the market price of crude ammonia li([uor 
a.s such during the war period. 

'I’able I* gives the jtre-w.ir ■na.rket ])riee of ammonia 
and of ammonium suiphat(^. from wiiieh it a,])pears th.at the 
pre-war market price of a ton of, 1 . 111111010.1 in the form of pure 
spirit (l’O to'jo per cent. Nir,) reprcsenled an addition of the 
order of .£10 to .£11 to (he market price of ammonia in the 
form of crude liquor. 


T.mii.c I. I’lm rs (ii-' Aaimonta asp .tMMiiNinM .Sui.riiATii. 


Product. 


(‘nido ^Msunrks )i(|iioi‘ ixt 
fcnt. ilclivcrcd .. .. 

^^>nc(intrate<i tr;!.'; litpior (Hi |K'r i 
Pent. Nifq) tlclivcn-d (ii\* niL-c | 

.: 

Puro ammonia s[;irit (20 (o 2”) 
IKT <cnl. XIf.j). :d iiiiik«r's 
workrt .. 

Anhyilmus li((iii(| ainiiKmid 
Ammonium siiljili.ito {2r» [ut 
fvnt. at ini'-u.ir (avera^^r 

JIU l-lOlli) [ifiiM* £.0,1). .. 

Ammonia in form of crmli* li<jiior 
hascrd on [iiiot of Hiij|)l)alo: 

(a) Pre-war (averaj'o 

191:j). 

(b) Lowest knouii 


.\clii'il A7/., i/i Form of 
Frodiict Sficcijicd. 

j Combined 
j Nilrmje.il in 

1 Fori/i of 
, Product 
■ Fperilicd. 

!*iiiiiid-i ]icr 
J.'iii'/ 'Foil. 

Founds jic.r 
Metric Ton. 

1 tbnnuh per 
\ Metric Ton. 

10-Ji) 
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i 
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1 
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i 
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• From Final iioport of Nitrogen i’roducls L'oinmittoc. 
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On the withdriiwiil of the subsidy on suli)hato of ammonia, 
the Hoard of Af^rieidtiiro and h’ishcrios ayreed with the makers 
on tlio followiiii' inaxiinum prices for honie acricidtiira} use; 

\(t ( (isfi. 




J (Irtf'tn'f 


rttllici 


1 JaiMiiU'v 
1 lo-lMViaVy . . 
i ,M:in-li. April. 




.s. <1. 
0 0 
I'd If) O 
21 o 0 
21 7 (i 

21 lo 0 

22 2 0 


In-Inly, 1 * 12 * 1 , (.Ih^ iW'jli.'sh^StilplKLtu of Amniooi,!, l''(Mlcration 
lixcid prices f(jr home ayi'iciill iii'al use a.f, 11 I (is. |icr ton of dry 
ii(M(tral <|iia.lity on a basis of 27'7r> per cciif. ammonia, and 
tli! 3s. for orcliiiarv ipi.alily on a basis of i’.'i«2r> |)cr cent, 
•ammonia,. In •l.inmirv. 1322, (be iai.lcr' price lia.d l)ccn 
advancc(l (,o fl.7. 


Economic Considerations. 

I'lnhu' pro war comlifions tln^ cxpoi'f trade of the finited 
Kingdom in ammonium sniphal.e was l.ireci' than that of any 
otlier eonntcy in the world. Dnriny Hn^ period I'lll to 1!)I3 
about three rpiai'l(‘IS of the total home prodnetion was dis- 
po.sed of in this way, a,monntiny to over (io.ood metric tons 
of ammonia nit.royim per annum, 'I'he trade was maintained 
duriiifj: t,he yi'ars Itll I to lOKi, but [iraetieally -eased in HI17, 
owiny to the inereasiny demands for munitions and fertilisers. 
Two of (,he largest customers of tlreat Hritain before the 
war were the I niti'd States and dajian, but tluwe countries 
have now devi'loped their own nitrogen re.sonrecs to such an 
e.xtent that tin' hiss of the.se markets must. b(( riigarded as 
ciirtain. ()n tin' other hand, it is jiossible that tlu( enhancrid 
appri'eiation of tlie value of the nitrocenons fertili.sers whicfi 
tlie war has bronyhl aliont may eansi* a greatly (Extended use 
of aminonium salts in eonniries wliero their ajijilwability lias, 
up to the prescnii been limited liy war conditions. 

Such countries as India, .Africa, and Sontli /America con¬ 
stitute in this nxspeet potential markets for large cpiantitios 
of ammonium sulphate. In order that the position of the 
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United Kingdom in foreign markets may l»c maintained, it is 
essential that every method possilile should ho adopted for 
lowering tlu^ produetion and transportation eosts of nitro- 
genou.s' fertilisers. In the eas(^ of aminoninni .sidph.atc it 
•should he remeinhered that alioiit I ton of chainlKU' .sulphuri(^ 
aeid is needed for the product ion of I (on of pro(luet, and (wen 
when cheap aeid is av.ailahle and (he tii.iuufaeture is eai'i'ied 
out on a large scale, il has hecu stated that, (lu^ oust incurred 
hy the by [irodiict iiulusti-y merely for li.xing the ,amuii)y>ia a..s 
sulj)hate and |ire|).Miiig the solid product foi’''the maiiret may 
amount to to tt! per long (on of sulphate. 

The national'intc'ivsts demand 'hat an abnirdaht a.nd cheap 
supply of fertilisers should be available, not only for the 
agrienlinral re(|niremenls of (be I'nited Kingdom, but also 
for e.vport to other fooil piodiieing lainntries. This end, 
however, e.-innot bi' sei'vi'd by im-asiires wbii-h limit th(! pro¬ 
duetion of the cheap by product aeid. whi(di has already 
conferred adva.rdages upon other countries. I<’a.iling ;i itheape.r 
;ieid fnnn*existing or iiotential soiii'ces. a. solution of (he 
problem of re<lueing the cost of li.xing ammonia must be 
sought in methods which aMtid (he ns(' of sulphuric acid 
{.see j). I.',7). 

.\fter a full ‘-onsideration of (he future pi'ospeels of tiu' 
e.X'porl trade- in nitrogenous fertilisej-s in the light of the 
evidence Unit has bi-eii givi-ii. (he Nitrogen Troibuds Com¬ 
mittee is of (he opinion (li.it tin- outlook is undoubtedly 
favourable, 'the diversion of a kirga- pi'oportion (jf tin- worlil’s 
production of lived nilroga-ii to ninnilioiis for .'i [x-riod of 
sever.d years has been to the -ne.il detriment of (he worhl'H 
supply of food .•Old ill iii.iiiy eoinilriio (he se.ile of subsisti-nee 
has bi-en reilneed far In km I he pre uar le\ rl. The vital 
importani-i- of nitrogeiions niaiiiires has reeel\('d almost 
universal recognition, and. in \ ieu of (he leeway to be made 
up, there is certain to be a. large inerease in the consumption 
in the near future, espeeia,lly in eoinitries which havm been 
unable to obtain supplies of aimnoninni sulphate from (treat 
Itritain or elsewhere during (he war. The eondilions will 
undoubtedly be mrsettled for a lime, but, in the jmlgment of 
the (,'ommittee, the demand in external markets will be more 
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than adequate for the absorption of ammonium sulphate on 
the pre-war scale of exportation. The extent to which the 
markets are retained by ilriti.sli producens, however, must 
depend upon their ability to competj;! on favourable terms 
with other exporting countries. 


'I'.Aiii.i.; ,J. Km'outs (I’lsuinx k .and ,M,VNU|.A(Ti-ltii or U.K.). 



Sifl/Jifih' 

Si'i'ci 

>J . 1 i/uiioni'i (7'tf/i.t), 
Monllh'! ended 

Jnh/:u. 

I'ltluc in .L', Sei'en Monthfi 
ended dull/ 


1‘I17. 

IlHS. 

liiii). 

n)i7. 

It) IK. 

itiiii. 

To - 




" ■ ■ 



Krunuo 




ir,n.(i-t 7 

(1(;,aH79 

I42.(i7:( 

iS|)ain and Canarii s 

ff.Olo 


4,:{.sr> 

S!),S(m 

^ • 

l,->2,l 17 

Italy 

1 

i,sr»i 

2.-12!) 

57 

45,(;7I 

8:1,08.7 

Diiti'li Kant Intlit's 

(■..ISO 


2.1.SS 



1)1,417 

Nlatu.s 

i.or.o 

1 ,n 1 


2.1 ,ss 

72.SS2 


;17,I44 

Jiritiah West. Imlit s 

:\,T2'A 

747 


C.l.SOS 

23,52S 

71,287 

Otlior Ooimtik-H 

io,sr»i 

U 11 

(i.ASlil 

l!)7.27l 

25;iiMi 

21)8,47.'; 

Ttitiil 


(;,7rii 

27,;{(;!i 

727,415 

1(11,474 

7(>2,2.'18 


The Uses of Ammonia and Ammonium Sulphate. 

'I'lic reqinrements of aininoiiia nitrogen for industrial pur¬ 
poses an; Tnainly in connection with tlie nianufaetiire of 
aininoniiini salts, such as llu^ ea.rhonate and chloride, of 
cyanides l)y i)roec.ssc.s involving the use of alkali metals or 
salts, of sodium carbonate by tlui ammoniii soda process, of 
cellnlo.se |)rodmds and watm'prooliiig [)rcpar,ation.s by means 
of the ciiprammonium process. ,ind for (he refrigeration 
industry and the like. 

There is no doubt, however, that (lu^ major [)ortion of the 
output of the hyqudduet ammonia iudusiry was utilised in 
the form of ammonium sulphate as a fertilising material. 
There has always been a certain amount of prejudice against 
the u.se of this .salt hu' such a purpose, and this has not been 
without foundation on account of the impure character of the 
product and of its acidity, the latter having a deleterious 
action in the soil and a destructive elfect upon the bags in 
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which the sulphate is marketed. Tlie attention of the manu¬ 
facturers had been directed before the war to the neefor 
improvement in tlicse directions, and proce.sscs liad been 
devised for the rehicA^ of the evils. Owing, liowevcr, to tlib 
fact that the sul])hate is readily ab.sorhed hv the soil and is 
not ca.sily washed out even by tropie,-il i-ainf.ill, ami also that 
it docs not giv(^ ri.so to toxic prodmtts or snll'er loss under 
anaerobic conditions, it is largely n.sed in preference to 
Chile nitre in tropical and subiropieal eoiinlries sneh ii^.lava 
and Japan. There has been a snb.sta.nl i.ai increa.5ft in the 
output of by-product ammonia during the war period, prin¬ 
cipally from works engaged in tin- imuiufacture o{ imhallurgical 
coke, and the maintenance^ or e.xtcnsion of this output will, 
of course, depend ujjon tlu^ futui'c demands for ammonia 
nitrogen, and the eompetilive |)rice of oilier idtrogenous 
fertilisers. 


Ammonium Sulphate in Agriculture. 

The cntjiloyment of aanmonium suljihafe in agriculture since 
the commencement of the war had b(>eu greatly extended, owing 
to the diversion of the suii|)lies of ('bile nitrate to I he ex|)lo.sivc.s 
industry. While it is unlikely that the present .scale of con¬ 
sumption will be luaintaineil in countries jiroducing by-]>roduct 
ammonia when competing supplies of Chile nitrate and other 
fertilisers again become available, nevertheless there is reason 
to believe that tlu^ future demand for sulphate^ will be in excess 
of the pre-war requirements. 

Experiments have been conducted at Itothamsted for many 
years past on the etfect of nitrogenous manures in improving 
agricultural yields. 

Systematic recorrls have been kept with regard to wheat 
production for a jieriod of .sonic seventy to eighty years (see 
Hall, “ Kothamsted Experiments.” I!d7). A hriid resume of the 
experiments on wheat may he given, as showing the, inijiortaneo 
of nitrogenous fertili.sers in lelatiou to food production. 

The chief diliiculty in growing wheat continuously i.s that 
of keeping the land clean. Weeds tend to accumulate from 
year to year, and the fact that the cro]) is in occupation of the 
ground for the greater part of the year leaves little oppor- 
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tunity for oloatiing operations. The usual practice is to 
sculllo tlio land iinincdiatcly after the harvest, the weeds being 
removed. Tlie land i.s then plouglied !> or 0 inches deep, 
"^■lineral and other antnnin sown niantirc's arc sown and 
harr'iwisl in, after which the s(s'd i.s drificd. 

'I’lie e.x[)erinients were originated jns(, al)out the time when 
Liel)ig advanced the theory that it was only necessary to 
supply a j)lant with lh(; mineral (amstitiienis left as ash when 
the plant is Inirnt.. The carbon and nitrogen rei(iiii’ed in it.s 
assimiYaliUm proeif.s.ses were supposed to be drawn directly 
from the .itinosphere. 

'the first (e\perini(mts, therefore, weri^ designed to test this 
statmnent, and were gradn.illy mvi.ended to include the gather¬ 
ing of information coni:erning otliei' individual mineral con¬ 
stituents. The lotig duration of the i xiierimenhs serves to 
make them very authoritative, as irregularities, such as the 
attacks of iti.seel and othei' pests and climatic variations, can 
bo (diminated. 

Table K (]>. 137) gives tln^ n.ature and (|u,atititi*'S of the 
manures applieci each year to I h(^ various |)lots ,at Hothamsled. 

It is uuderstood th.at ''mineral m.anures” include phos¬ 
phates, potash, magnesia, soda, a.nd other constituents left 
as ash when the i)laut is burnt, but not ajiy manure cimtaining 
nitrogen. 'I'he.si^ rmniures sown before the seed in autumn, 
rape cake ami farmyard manuri' and some of the ammonium 
salts also being appliis! in autumn before .seedirrg; but the 
iritrrde of sirda and tin' majrnity (rf the ammoniuirr .s;dts are 
applied as lop dressings irr the spr ing. 

The arrtrrrorrirrrrr .salts corrsist of erprrri parts of rrrttnrrrrriirm 
srtltih:r,te arrri arrrrrnrrrirrrrr ehhrride: .’orr potrrrds rrf this jr.re 
erpiivalerrt to I.'! pogrrds rrf rritrogerr, which is thrd eorrtairred 
in prrrrrrris rrf sodirrrrr rrifrrilc. or' l,,ssn porrrrds of r'a|re cake. 

Table Ir (p. 13!1) shows theaaer'rrge pt'orlrrclirrrr rrf graitr and 
straw for a perrorl of sixty orre vi-ars. 'I’he yiehl rrf gr'airi i.s 
expre.s.sed as brrshels [rer aenr, arrri sfr-aw (irreirtrlirrg chafl) as 
Inmdi'edweights pm' acr'r'. 

Durirtg the hr,st thirty year's the ei'rrp frrtrn the unmanured 
)ilot has been ]ir a.etically errrrstrnrt. It has not received manure 
of any descrijitirm sirteir lS3!b and ap[rears to have riraohcd a 
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stationary condition, with an average crop f)f some 13J 
bushels. 

Tiiis croj) will remove some 17 pounds of iiiirogeTi, it pounda'^, 

of phosphoric aeifl, find I I poiinds of potasli, per acre per 

• ‘ 

Tabi.k K. Iv\I’i:i;imi:nts uv Wiikat, I>i;iiaiiiiai.k l''ii:i,i): HANriiiNU or 
TiiK I’j.oTs cKi: Ai'ki: ri:!: Anm oi. ISA'A. ano Sinci:. 



annum. 'I'here may alscj bo a furl her lo.s.s of soim; 10 |)()unds 
of nitrogen per acre ja r annum in tln^ drainage water, and also 
some may l)e removed in wei'ds. On the other hand, there 
may be a gain in nilrogtni of sonn^ a jioumls ja r amiutn, due 
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to rain Halts, the seed also supplying perhaps 2 pounds. There 
is thus a net loss of some 20 pounds of nitrogen per acre per 
annum. 

Ajialy.so.s on the .soil indicate that there is a steady lAs.s on 
the amount of eomhined nitrogen |)resent in the soil, but in 
1803 there were still over 2,l)00 ])ounds per aero in the top 
9 inche.s of soil, so that an enormous reserve still remains to 
1)0 tapp(sl. .With regard to mineral constituents, there arc 
no external sources for the renewal of ])otash and phos[)hatcs, 
hut the I'ftserve in’the soil is very groat, amounting in 1893 to 
about 3,000 pounds of phosphoric aind and as much aa 
50,000 ))ound*(!f potash in (be lop layer of soil. 

It is interesting to note that on a ])lot receiving no manure 
at all, although the yield is small, the gr.ains of (sirn are indi¬ 
vidually almost of avuM’age size and (piality. istiSrvation has 
the elfect of diminisliiug I Ik; number but not the (piality of 
the seed. The [)ro|)ortiou of corn to straw' is also high, indi¬ 
cating that starvation has resulted in the concentration of as 
much material as possible on (he reproductive parts of the 
plant. 

With regard to the jilot of ground No. 2, treated with farm¬ 
yard manure, there has here been a yearly drc'ssing of some 
It tons per acre. The conpiosition of the manure is very 
variable, but it is estimated that aliout 2011 pounds of 
nitrogen, 78 ])oun(ls of phosphoric acid, and 235 jiounds of 
potash, have been supjilied on the average eaidi year. 

An average crop, however, will liave removed only about 

52 pounds of nitrogen, 27 ])ounds of phosphoric acid, and 

53 pounds of potash, jier acre per annum. In conseipience, 
the yield from (his plot has been increasing, particularly over 
the [leriod bet ween ‘ 1872 and 1881. w hich was, on the whole, 
fairly dry. Analyses show (hat enormous reserves of plant 
food have been accumulated in (he soil of this plot, (he amount 
of nitrogen in the surface soil being m(.U'e than double that of 
the unniaiiured jdot. 'I'herc is evidence, however, that it 
would bo impossible to crop thc.se re.scrvcs out entirely, oven 
over a long period, if corn were grown without further manure. 

On I’lots () and 7 artiticial manures were applied, containing 
nitrogen, potash, and phosphoric acid, but without organic 
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matter to form humus. Plot 7. over a jieriod of forty years, 
showed iioevidt'ucc of declining fertility, and the yield olitained 
from it was very little inferior to tliat ol)ta.ined from the jilot, 
mantired with farmyard manure. 'I'o tliis ground titi iiound.s 


Table L.— K.\rEni,Mi:NTs o.-i \Viu:at. liiinAiuiAi.K Fihlij; J’koiu'i'U ne 
tUiAiN AN]) Straw I'KK Arm;. Avtkaiu: ovkk Sixtv-iisr Vkars (IML*. 
1912 ), AND CIVRR 'I'KN ^ KAIt: ( 1912 ): AI.'-II I’iinDIT'E IN 1911 , 
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of nitrogen per acre were ajiplied. of wliicli the eroji removed 
an average of uU pound.s. The piiosphoric arid and jiotaHh 
supplied Avere also in e.veess of the reipiirement.s of the crop. 

* Troduco by miiu'iiils. f I’rodurc by ujiimoiiiuiii salts. 
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Oil the otluir liand, Plot (i, dressed with 4.1 pounds of nitrogen 
per iioro only, is gradually hceoining exhausted a.s far as 
nitrogen is eoneornisl. 'I'he lo.ss is aeeoiinted for. apart from 
the nitrog(ai removed in the erop, hy that removed in the 
weeds, hy drainage, and olherwise. 

Plot 10 was manured with nilrogen .only, in the form of 
(00 |)oinids of ainmoninm sails, over a long [leriod. It has 
heen esiahlislipd lli.it in spile of the use of nilrogenous manure 
alone .jllie erop has heen well rnaintaineil. The nitrogen has 
lirodueed '.111 aver;,.ge increase of 7-1 Imshels. the yiidd liaving 
heen fairly .steady for I he last I hii'l v years. The erop, however, 
is slow to matiiio, is liahhi lo^rnst, and generally presents an 
unhealthy apfiearanee 

Generally we may sa y I hat a cereal erop, such a s wheat, 
may he grown for many years on I he same soil without depre- 
eiation in prodnel iyeness. if sidlieient nilrogen. phosphorie. 
acid, and potash is supplied lo re[ilaee lhal removeil hy the 
crops. It is Irne that the vigour of the pl.uil does not appe.ir 
to he so great following a long siieeession of pi'evions wheat 
crops as when grown in rolalion with othei' ei'ops. hot the 
yield does not seem to he malerially altered. 

(hinl.innons corn growing, however, snifers from (he di.sad- 
vantage that certain weeils (end to aeenmnlate. (he dilhenJly 
of kee|iing (he lanil eh'an heing Iherehy augmented. 

.'\s stated ahoviy one of the main olijects of (he liolhainsled 
experiments was to lest, (he (rntli of (he opinion advaneeil hy 
Idehig, |.ha,( a erop eonid ohiain its nilrogen reipiireinents from 
the atmosphere alone, if certain mineral eonstilnents were 
supplied in the form of solid inanui'i'. 

Plot No. .7. reeeiiing the mineials. hid no nilrogen. grows 
very little more than I he eoniiniioiisly iininainired plot, 'the 
a.verage o\er a long period was only I l-tl Imshels. as a.gainst 
l.'t-l wilhoni maniire of any kind. 

Plots (i. 7. and .s. w hich have received inere.ising ipiantities 
of aninioninin .s.ilts. rising from II pounds of nitrogen per 
acre on Plot ti (o donhie that ipiantily on Plot 7 and trehlc 
the (piantity on Plot ,S. have \ iehled crops w hich inerease with 
each addition of nitrogen. Plot li gave g ( hnshels. I'lot 7, 
11 hnshels. and Plot s, :!7 hnsliels. 'I'he elfeet is even more 
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marked on the yield of slran-. the llanres in each case lieiiif' 
211 cwt., 3.'1 cwt.. and 41 cwt. 

With nitrogen alone over a long period of years the crop is 
considerahlc, aiuf nn^eli superior fo (hat grown hy minerals 
without nitrogen. 'I'he plant is deep rootl'd, ami tJu' roots 
arc able to search (he soil well for (he mineral eons!itmaits 
necessary for the growlh of (he plan!. 1( is (herefore rarely 
nenes.sary to supply uheai uilh any Init nilrogunons manure. 
The natural tiitrifying pi'oee.sses i]i \shea( aie slow during th<^ 
cool season ol (In' year in which it is grown, a,nd a.'^npiily of 
e.vternal nitrogen in (he form of mannre is (herefore all thi^ 
more necessary. , ^ 

'I’he increase ol crop olilaiin'd by (he ap|ilica(ion of nilro- 
genons mannri' is no( a Iw.iys in din-el pi-opoi-t ion to ( he ainomi(. 
of nilrogeif sapplii-d. Each a.dili(i<in of ni(i’og('n gives a, 
smaller refnrn in (In- crop, and I his consi i( n(rs v\lia( is known 
a,s the “ la.w of diminishing ref nnis.'' 

T.Aia.i-: j\l. ^l’l\ri;u)Mi;Nrs on W’lirAr. IIkoaiucm.k Avi-:i:An[-:s oven 

TnnorKN (Isfig ISdl). 
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Table M (p. 141) will illustrate this law, showing the diminish¬ 
ing yield with siieocssive ineremonts of nitrogen applied as 
manure. It will thus bo evident that a^pojiit will at last be 
reaebod in the m.antiring of a erop whore the increased profit 
from the acreage under cultivation will not compensate for 
the increased expenses in connection with the manure and 
labour. This point, of course, must be carefully judged in 
relation to (!i» inarlod. ])rices prevailing .at the time. 

Table N shows th(< avenigo iiuTcaso which may be expected 
from 010 ""appli(^ation of 1 cwt. of snlphato of ammonia as 
manure. 

TAiir.K N. - IscTOCASK ni'H TO Oxi: ( Vr. ei’ SrrA’aATH ok .Ammonia, (’osttno 
SkvI'Intio;!! Siirr.i inos. 
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(f'ollin.x, “ I’tmt I’l'oiliicla nnil Cliornio.al Fertiliser.^.”) 


Under those conditions the agriculturist could afford to pay 
some £14 per ton tor sulphate of ammonia. 

li'urthcr expci’iments were conducted at Rothamsted to test 
the eticct of rcjilaeing ammonium .salts by nitrate of soda, 
equivalent quantities being used as far as nitrogen was con¬ 
cerned . 

From a consideration of the results from Plots 9 and 16, it 
wili be seen th.at for Avheat nitr.ite of soda is a more effective 
source of nitrogen than ammonium salts, the increase in yield 
amounting to 16 per cent, more grain and 26 per cent, more 
straw for a single ajiplieal ion, a double a|)plication, however, 
yielding practically the same amount, of grain and only about 
1 cwt. more straw. 

Nitrate of soda possesses the property of remaining soluble, 
ditiusing deep into the soil, and encouraging greater range of 
roots. 

Ammonium salts, on the other hand, are retained near the 
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surface, and produce injurious effects, due to the removal of cal¬ 
cium carbonate from the soil, which thus tends to hccome acid. 

After a wet autumn and winter a lop dressing of nitrate of 
soda, '1 to ] 5 cwt.’per acre, will he found of partieidar value. 
The manure to he ploughed in hefore seeditig, when wheat is 
grown two or three lirne.s iji .siicei ssioii. should consist of 
aJ)out 1 c.wl. per acn- of some slow a.eling uitrigenous manure 
and 2 cwt. of su|)er|)hosphale. , 

The time of application of ammonium salts as ma.n,'>re is 
of importance. In flu' e.xperiments iindet' disciissem. as a 
rule, 100 ixiunds of the ammonium salt.s were applii'd in the 
autumn, when the .seed was so'.'.n. the rest heing resel'ved for 
a top dre.s.sing in tin: spring. 

(In I’lot i a, however, (he (o(a.i <pian(i( v of ma.nnre naniely, 
400 poiinds'of anunonium salts ua.s applied in tin'autumn; 
otherwtse the manuring was idi'utii'al vsith (hat of I’lot 7. 
The crop on Plot 1.5, how<'ver. is on (he average helow that (.if 
Plot 7, showing that .some loss has taken place'. 

This lo*s does not occur through the dirc'ct washing-out of 
the salts, as they are held very near the surface hy the soil 
itself. Ammonium salts, howi'ver, are very readily converted 
to intrates in warm, moist ground. espccia.lly when the latter 
has been recently stirred. These nitrates are themselves in 
turn very readily washed out by heavy rain. 

Table O (p. l-l-l) shows that the diminution in yield due to 
autumn manuring is very dejiendent upon the rainfall in the. 
ensuing winter. 

It would, moreover, appi'ur (hat (he utility of sulphate of 
ammonia as applied to wheat is (.'onlined to the sea.son (A its 
application, llre.ssings of (his .salt and minerids applied in 
alternate years showed that (he plot whi.'h in any year was 
receiving minerals without nitrogen derived little or no benetits 
from the ammonia it had received (he year hefore. On the 
otlu'r hand, the effect of (he minerals appears to be carried 
forward from year to year, and (hey have effect in seas(ms 
beyond the year of their application, as the yiehl in years 
wdion ammonium salts were applied was very little les.s than 
that obtaine(l from a normal manure (;ontaining both nitrogen 
and mineral constituents. 



]44 


THE NITROOEN INDUSTRY 







AMMONIA AND AMMONIUM Sin.PHATE M.'i 

It 18 well known that snipliafo of ainnionia exhaiista the 
soil of its lime. Thi.s i.s l)roni;ht about liy the eombinalion of 
the aeijl portion of the salt with (he ealeinm carhon.ate |)resent 
in the’soil. and in eert.pn |)lot.s of barh'v lonrr-eonlinned appli¬ 
cation of atninoniiini sulphate' will result in (he eroinul beeoinine 
practically improdnetiw. 

•Thi.s .soil, howe'ver. c.an be \'('ry e'asily r(‘vi\ ille(l by .subse¬ 
quent dressing with lime to ri'pl.iee (hat which luis been 
exhausted by means of I he sul[)ha|i'. This point, should n.tt- be 
lost aifeht of when eousiileriuL'; I he a.iuouut of sulfehato of 
ammonia to be applied as fertiliser. Without (he lime, 
sulphate of annuonia w'ill not ume'i'eo thosi' nitril'yiuf! ehanges 
which are neoe.saary for its full use'fiilness to be developed. 

'I'he xlaueerous |aa'iod for a w heat, crop is eit her just at the 
beginuiiie or*iust at tlu? mul of the winter, and in order that 
these periods should be sueeessfully sui'moiinted top dre.ssiuKS 
of about 1 cwt. of sidphale of ammonia can very advantaeeously 
be u.sed at one time, a subseipieut cwt, beiny .idded lat.er on 
if necessary. 'I'he second dressing shoidil be yiven if the ])lant 
a]>pears yellow or si(d<ly. 

A top dre.ssinj' is also of use in a period of drought when a 
crop is only half yrown. Mvi'n distribution of such dre.ssines 
can be obtained by mixiny the immure with a small ipiantity 
of earth or ashes, the mixtnri' beiny ( hen dist ribiited broadcast. 

Nitrification of the ammonia p'lrtion of ammonium sulphate 
proceeds very slowly in winter, but three wi'eks of very yood 
weather will nitrify all the ammonia aildeil to the soil. On 
eencral ^'rounds sidphate of ammonia should be reyarded as 
a manure to be utilised just, before it is needed. 

Largo leaf develo|mien(. may be e\|iected as a general rule 
from the u.sc of ammonium sulphate. It is therefore in exten¬ 
sive use among market gardeners and intensive, cultivators 
generally for the production of greenstulT. It is not very suit¬ 
able for fruit-growing in general, though gooseberries ajipear 
■to derive some henetit from its ap|)lica(ion. 

Commercial sulphate of ammonia is a very (incly erystalli.sed 
substance, which .shows a tendency to stick together, owing to 
the presence of a few units per cent, of water and a few tenth.s 
of 1 per cent, of free sulphuric .acid. Uocent dcv'clopments in 

to 
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tlio manufacture have aimed at producing a white neutral salt 
equal in quality to the very high grade synthetic product (see 
p. 157). 

In contact witli an alkali or strong ba.se the ammonia is 
liberated, and dilTiises into the atmr>,sphere. The salt, there¬ 
fore, should never be mixed with linm, wood ashes, or basic 
slag. There are few soils, however, in which the clay and 
lunnns d<i not greatly preponderate (jver the lime, so that the 
former substances are able to fix the ammonia in such a manner 
that loss du(^ to tlu^ (wesenee of liuu' is more or less obviated. 
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I’ART I 

NITROGEN PRODUCTS AND CHILE NITRATE 
The Atmosphere. 

The existence of an invisible medium—the atmospliere—-must 
have been recognised comparatively late in the history of the 
world. The Greek philosopher Aristotle (384-322 B.C.), born 
at Stagira in Macedonia, the greatest thinker of antiquity and 
the leader of thought for centuries, is said to have made an 
experiment to test the material nature of the air. He weighed 
an empty bladder, then blew iipllu; l)laddor and weiglied it again. 
There was no increase ii. weight, and it was concluded that 
air had no weight and was immaterial. The fallacy of this 
experiment—if it was ever made—was demonstrated by the 
work of Archimedes (287-212 l)orn at Syracu.se, and 

described as the greatest inventive genius of antiquity. In his 
celebrated principl* of hydrostatics, Arehimcdc.s demonstrated 
that a body weighed in water loses weight equal to t.ho W'oight 
of the water which it disf)laces, and the same relation holcis 
for a body weighed in air. Tin; air filling the bladder in 
.^i.stotIe*B experiment would displace its own volume of the 
external air, the weight of which woidd exactly counterpoise 
that of the air inside the bladder. The first demonstration 
of the material nature of the air is due to Otto von Guericke, 
Burgoma.ster of JIagdeburg, the invent(3r of the air-pump. 
Guericke in 16r)0 weighed a glass globe, fitted with a stopcock, 
which he had exhausted of air by the air-pump. On opening 
the stopcock, air rushed into the globe and the latter became 
heavier. Exact experiments have shown that the density 
of the air i.s 76 5 pounds per 1,000 cubic feet at 15° C. and 
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1 atmosphere pressure. Since 1 cubic foot of* water weighs 
62'6 pounds, it follows that water is rather f ‘ han 1,000 times 
heavier than air. 

The chemical composition of the air was ^ilearly elucidated 
only at the end of the eighteenth century, by tlie famous French 
•scienfet Lavoisier (born 1743; guillotined 1794). Since the 
commonest chemical change i,s the combustion of substances 
in air, it miglit have been expected that the chemical nature 
of the latter, which is comparatively simple, would have been 
discovered at 4 mucji earlier date. As a matter of fact the 
English chemists Robert Boyle (IG27-1C91), Robert Hooke 
(1035-1703), and Jojin Mayow ^1045-1079) came very near to 
the elucidation tjf the composition of the air and the nature of 
combustion. Royhs made a great number of experiments on 
the air, both physical (leading to tlie discovery of “.Boyle’s 
Law ” in 1002, that the pressure of a gas is inversely pro¬ 
portional to its volujuo) and clu'mical. In the latter lie found 
that substances will not burn in a receiver exhausted by an 
air-pump, so that the air is nc-cessary for combustion. Boyle 
found, liowcver, that gunj)owdcr will burn in the entire absence 
of air, so tliat he was puzzled and not cpiite sure whether air 
wa.s necessary for combustion or not. His assistant Hooke 
(the inventor of the .spring balance wheel of watches, and the 
first 8ecrctary of the Royal (Society) went farther. He found 
that charcoal and sulphur burn with great brilliance when 
thrown into fused nitre or saltpetre, and thence supposed that 
tlxpro is something common to air and nitre, winch supports 
cbmbustion. 'I’hi.s he called “ nitre air.” The gunpowder in 
Boyle’s experiment contained nitre, and coidd therefore burn 
in tlie absence of air. Hooke’s experiments wens greatly 
improved and extended by Mayow, who proved in addition 
that nitre air is absorbed in the respiration of animals. Neither 
Hooke nor Mayow was able to isolate nitre air. 

These beginnings of a true theory of combustion were soon 
, stifled by an erroneous dogma, duo to two German chemists, 
which persisted for half a century and obscured every branch 
of chemistry. This was the famous theory of phlogiston of 
. Becher and Stahl. 

Johann Joachim Becher (1035-1082), who led a wandering 
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life and was more apt at theorising than experimenting, sup¬ 
posed that combustibles contain a “ fatty earth ” which is the 
pi-inciple of combustibility. Bceher’s idea would probably 
have passed into eblivion had it not been revived and explained 
at great length by his countryman, Oeorgo Ernst Stahl (1060- 
1734), Professor of Medicine at Hallo and later phj^sician 'to 
the King of Prussia, who popularised the doctrine in an improved 
fftrm in his lectures. Stahl gave to llceher's principle the 
name “phlogiston,” from a (Jrec'k word moaning “ llamc,” 
and suppos<!d tliat combustible bodies afo riel* in phlogiston. 
When combustion takes place, phlogiston escapes. The 
phlogiston'may bo restored to :t burnt maUu'ial, such as calcined 
lead, by heating with another matci'ial rich in phlogiston, such 
as charcoal. 

The Uieory of phlogiston was so simple and plausible that 
its accuracy might have been suspected a priori. It entirely 
failed to explain why, although phlogiston escaped, a body 
after combustion weighed more than before. Nevcrthele.ss. 
the tlieory was accepted by practically every chemist, and 
formed the basis of most of the chemical textbooks of the 
eighteenth century. It vsas ovei’thrown by the exi)erimcnt,s 
of Lavoisier, who showed that the gain in weight in bodies on 
combu.stion was due to the absoi j)tion of part of the air — 
namely, the “ nitre air ” of Ilook(\ which had previously been 
isolated from nitre by the iSwcilisli chemist .Schecle in 1772. 
This part of the air was called Oxygen (Orcek, “acid producer ”) 
by Lavoisier, since many substances form acids when they 
burn; the other part of the air. which docs not support com- 
biLstion or life, he called Azcjtc. The latter is now usually 
cajled Nitrogen, since it is one of the elements of nitre. The 
air consists principally of a mixture of tiui two gases, oxygen 
and nitrogen, tlxygen w'as indei)endontly discovered by 
Joseph Priestley in 1774. 

Henry Cavendish {1731-1810), the Engli.sh chemist, found 
in 1784 that the nitrogen of the air probably contains about 
1 per cent, of another ga.s, which, unlike nitrogen, does not 
combine with oxygen. This gas was discovered by Sir William 
Ramsay and Lord Rayleigh in 189.'), and called Argon. 
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The Composition of Air. ^ 

Atmospheric air consists principally of the two gases nitrogen 
and oxygen mixed together in the proportions of roughly 
4.to 1 by volume respectively. Small amounts, a little under 
1 per cent, by volume, of the so-called Inert Gases—argon, 
helium, noon, krypton, and xenon—arc also invariable coji- 
stituonts of air, and moisture and carbon dioxide are always 
present in varying amounts. 'Fhe exact composition of air, 
free from moisture,' carbon dioxide, and other impurities, 
according to Leduc, is as follow.s: 


Nitrogen 
Oxygen 
Inert gases .. 


Per Cent, 
hif Weujfd. 
. 7rf5 

lli 


Per Cent, 
by Volume. 
78-0(i 
21-00 
0-‘)-l 


The percentage of oxygen in air is not quite constant, as 
was formerly supposed; it varies to the ('xtent of about O-l per 
cent., according to the locality and altitude. The amount 
of carbon dioxide present in air is usually about 3 volumes in 
10,000 of air; it rises to two or three tiinc.s this amount in 


towns during fogs, and in badly ventilated localitic.s the per¬ 
centage may rise to ten times the normal amount. 

A table giving the coiupo.sition of the air more completely is 


the following; 


Nitrogen 
Oxygen 
Argon .. 

Neon .. 

Helium 

Krj'ptou 

Xenon 

Oarbon dioxide 
Hydrogen 
♦ilothano 

•Other hydrocarbou.i 
Hormaldohydo 


Per ('nil. 
hi/ Vuluiiie. 
78-05 
21-0 
0-il.‘52 
0-00181 e 
0-000.51 
0-0000040 
0-00000069 
0-0:i to 0-3 
0-003 
0-0121 
0-002 

0-002 to 0-005 


Ozone, Hydrogen Peroxide, Ammonia, Nitric Acid and Oxides 
of Nitrogen, Sulphur compounds (especially Sulphimic Acid 
. • Doubtful; amouuta probably very variable. 
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near towns where coal is burnt), Chlorine compounds (in-' 
eluding common salt carried inland from the spray of the sea), 
water vapour, Voot, bacteria, traces of radium emanation, etc., 
a^e also present jn varying and u.sually small amounts. The 
atmosphere is, therefore, as Ro 3 de expre.ssed it (“ Works,” 
vol, ii., p, 345, London, 1700), " an Aggregate of various kiijds, 
of Effluvia jumbled and mix’d together.” 

* The inactive gases—argon, etc.—are peculiar in that they form 
no compounds with other elements and arc always found in the 
free state. Some of thcm - c.y., xenon—occur in exceedingly 
small amounts: as Ramsay, their discoverer, said, “There is 
more gold in sea water tha.n xenon in the atmosphere,” The 
ga.scs argon, neon, and helium are now used commercially. 
Argon is extracted from the air iind ust'd for filling the best 
types (jf met.al-lilami'nt electric lamps. 'I'lie vacuous lamps 
aro rapidly blackened by the volatilisation of the metal 
(tungsten) filament bj' the heat generated by the current; it 
the lamp is filled with argon to about one-third of an atmosphere 
jwessure, the blackening i.s niueh reduced. .Argon is now made 
by' the llriti.sh O.xygen (‘om])any at Wembley foi' this purjtose. 
It is also made, in Ameri<'a, (ierinaiiy. and h’ranoe. Argon i.s 
extracted from fh(^ a,ir by tlii> t'lauilo process at Ikmlogne; 
03 per cent, argon is sold at Is. 3d. per lilro, .S7 per cent, argon 
at Is. American gas (from the Linde ])rocesa) is said to contain 
only 40 per cent, of argon. 

Noon is extracted from the air and used under low pressure, 
in the elcctrodclcss Aloore lanijis, which glow with a beautiful 
rod light. Such a lanij) was installed in the courtyard of Ihc 
Savoy Hotel; they have been u.sed for advertising purposes. 
Helium not extracted from the atmosphere, but from tho 
gasc.s of certain natural-gas wells in the U.S. at Kansas, and 
in Canada at Alcdioine Mat. These gases contain about 1 per 
cent, of helium, which is oxtraefed by a <a)m])lie,atcd process, 
and has been u.sed. alone or mi.xed with hydrogen, for filling 
air.ships, since it is a light gas (alllujiigh it is twice ;is dense as 
hydrogen) and is not inflammable. Previous to the late wai^ 
tho Germans were experimenting with helium for Idling 
Zeppelins, but tho source of the gas was too limited. In 
England, early in the war, Sir William Ramsay suggested tho 
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jse of holiura for airships, and got into communication with 
iVmericans who were interostod in the matter. The latter 
kept back the information in their possession,/ but the whole 
matter was inve,stigatod a ■priori in a magterly fashion by 
Professor McLennan, of Toronto, who showed how the helium 
of. Canadian gas could be extracted, measured its properties, 
ind carried out investigations on its use, mixed with hydrogen, 
in balloons and airships. Professor iMcLennan's work fs 
nimmari.scd in his lecture to the London Chemical Society, 
published in tl^eir jcjurnal of July, 1920. More recently it 
has been asserted that the cost of helium for filling an airship 
would exceed the, cost of the chip. In view of the recent 
disaster to the air.ship R.‘!S, however, it would scorn that the 
matter is still worthy of careful consideration. 


Separation of Nitrogen and Oxygen Gases from the Air. 

Since nitrogen and oxygen are simply mixed together in 
the atmosphere, and arc not bouml together in chemical 
combination, as are hydrogen and oxygem in water, their 
separation may be carried nut by purely phy.sical methods— 
i.e., methods not involving the use of chemical reagents nor 
the expenditure of large amounts of energy. It is known that 
in separating the constituents of a mixture of gases a certain 
small amount of energy must be expended, in opposition to the 
general tendency of gases to dilTuse into ope another and mix 
uniformly, but this is very small in comparison with the energy 
required to split up the compound water into its elements, say 
by means of an electric current. 

O.xygen was formerly manufactured from air by atchemical 
process devised by lloussingault in 1852, but improved and 
made into a workable technical method by the brothers Brin 
in 1879. In this so-called “ Brin process” the purified air 
was passed over baryta (a substance resembling quicklime), 
heated to dull redness in iron retorts. Baryta is an oxide of 
barium, BaO. Under the above conditions it picks up more 
oxygen to form barium peroxide, BaO^, the nitrogen of the air 
passing on unabsorbed. If the pressure was now reduced, the 
barium peroxide decomposed into baryta, which was used over 



7 


THE ATMOSPHERE 

• 

again, and oxygen gas, which was pumped off and compressed- 
into steel cylinders for sale. 

The Brin prowess was in u.se until about 1902. It has now 
been replaced by a physical method of separation depending 
on the fractional distillation of air which has been liquefied 
by intense cold. 

Nitrogen boils at a lower teinpei'afure than oxygen, and 
the first fractions of evajiorated li(iuid air arejicher in nitrogen 
than the later fractions. By making the vapour bubble through 
the liquid in a fractionating column, as in the tliree methods of 
Hampson, Linde, and (daude, nearly ])ui’o nitrogen and oxygen 
are obtained from liquid air. ^I’hc principle is the same as that 
adopted in the .separation of alcoliol froih watiu- in th(> manu¬ 
facture of spirit by tlie distillaticfn of fermented liquid,s. The 
difference lies in the very low temperatures involved in the 
separation of the constituents of the air. The boiling-points 
of oxygon and nitrogen are -18:1“ and -- 19(i° L. respectively. 
'I’he helium, neon, and argon may also be separated by a slight 
modification of the apparatus, since tlieir boiling-points differ 
from those of tlic ofher gases, and argon is at jiresent made 
in this way by llu^ British O.xygt-n Company for lamp-filling. 
'I’he manufacture of oxygen by the fractional distillation of 
liquid air has assumed a posifion of great importance, and has 
practically displaced all the oldi-r methods, such as the Brin 
process. T’he Brifish ()xyg(m (.'ompany has plants capable of 
turning out one and a half t(j two million cubic feet of oxygen 
gas, or about IHUtons, per day. In Germany, according to 
iSir James Dewar, a single-unit plant is capable of produbing 
nearly as much oxygen in a day as the whole of the British 
plants. , 

The three technical proces.ses for the s('f)aration of oxygen 
and nitrogen from the air by the licpiid distillation process are, 
those of tiarapson (used, with the (jth<u' processes, by the British 
Oxygen Company; patented in Kugland in 1S95), of Linde (used 
by the GesclLschaft fiir Lindcs Lismaschinen .4.-G. in Germany; 
patented in IS!).')), and of Claude (used by the Societe do rAtt 
Liquide; patented in 1902). In broad principle the processes 
are similar, though they differ in important details. 

The first step is the liquefaction of the air. Early ex-' 
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perimenters such as Natterer attempted to do thi^ by applying 
enormous pressures (2,000 atmospheres: 1 atmosphere = 14-7 
pounds per square inch), but without succ^bss. Progress 
became possible as a result of some purely academic work of 
Professor Andrews of Dublin in 1869, who showed that under 
no circumstances can a gas be liquefied unless it is first cooled 
below a certain temperature, characteristic of each gas, called 
its criliml tempcpUure. It was thought probable that thu 
critical temperatiires of oxygen and nitrogen, which are the 
main constituents of air, are much lower than any which can 
bo attained by* the Inost cfliciont freezing mixtures. The 
problem was, therefore, to devise a method of pyodueing 
intense cold. This,* a^aiii, had been solved by another purely 
academic research, carried out to settle a ])uroly theoretical 
problem in thermodynamics liy Lord Kelvin and Dr. Joule 
in 1852-1802. Kelvin and Joule fouiul that if a stream of 
compressed air was allowetl to escape through a nozzle or 
valve into tlu^ free atmosphere, tlie gas cooled itself slightlj'. 
This slight cooling re|)resentcd the ('iiergy expemled in 
sej)arating the mohsudes of the gas. when e.\|iansion occurred, 
against the very slight attractive fort'cs ojx'i'ative between 
them, and is called tlie Joule-Kelvin elfect. In the case of air 
the Joulo-Kelvin effect is such that if air at 0° (h and under 
100 atmospheres pressure is allowed to expand to 1 atmosphere 
pressure, it cools itself to - 24-7° ('. 

The step from this to the liquefaction of air was not great, 
and was possible as a result of an inventi(^n of the German 
sci(jiitist Siemens, made in 1857, known as the “heat ex¬ 
changer.” Suppose that air cooled by expansion, as described 
above, is allowed to sweep over the surface of a copper pipe, 
which is a good conductor of heat, bringing the compressed 
air, at to the expansion nozzle. This air will bo 

cooled by giving iq) heat to the cold air outside, the latter 
being warmed nearly to the temperature 0“, so that no 
loss of cold will result in the escaping air. The compressed 
air. will arrive at the jet cooled much below 0“ C., and it will 
become about colder still on expansion. This very 

cold air will again take heat from the compressed air coming 
down the pipe, and soon the cooling effect accumulates to 
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such an extent that the air is cooled to the temperature of" 
liquefaction, and a jet of liquid air then escapes from the 
expansion nozile. 

This liquid air contains the oxygen and nitrogen in pro¬ 
portions different from those in which they occur in the 
atmosphere— e.g., 50 to 60 per cent, of oxygen. If it is allowed, 
to evaporate, the nitrogen, being more volatile, tends to pass 
off first, but the separation in this way is»very imperfect. 
The liquid is raised to the top of a tower fitted with perforated 
shelves, placed inside the coil in wlxieh heat-interchange occurs, 
the whole apparatus being carefully lagged to prevent ingress 
of heat frxjm outside. Below jLhe tower is a pot in which is a 
spiral of pipe through which the compressed air, cooled by heat- 
interchange, passes on its way to The (‘xpansion nozzle. This 
air, being slightly warmer tlian lixpiid air, boils the latter in 
the pot, and the “vapour,” richer in nitrogen than the, liquid 
air, bubbh^.s through the liquid air running down the tower 
from the ex[)ansion ikxzzIo. This cold liquid air condenses 
out practically all the oxygxm in the gas rising through it, so 
that essentially only niti'xjgen jias.ses out at the top of the tower, 
and fairly pure liquid o.xygxm runs out at the bottom. The 
latter is also eva])oraled in a similar way, and the two very 
cold gase.s are passed t hrough heat-interchangers sxx that their 
cold is utilised. The gases are then compressed into steel 
cjdindcrs at 100 atjnosphcrcs jxressure for sale. 

A detailed account of the methods vise for the li<iuefaction 
of air and the manufacture <xt oxygen and nitrogen will be 
found in (ireenwood’s “ Industrial (iase.s ” (Bailliere, 'J'indall 
and Cox, 1920, pp. 58-1311). 

The separation of the atmospheric gases has been carried 
out to the largest extent in Cermany. d’ho pioneer firm is 
the Gesollsohaft fiir Lindcs Eismaschinen A.-G.. in Hollriegel- 
skrueth, near Munich. Owing to tlu^ .stringent blockade of 
Germany during the war, the dxmiaiul was much less for 
oxygen than for nitrogen. The process for the jiroduction of 
these two gases in a pure state is much the same, but in most 
cases the requirements are not such that both gases must be 
obtained pure at the same time. Under normal conditions, 
in plants for the production of pure oxygen (an average of 
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'98 per cent.), the nitrogen is drawn off with 3 to 4 per cent, 
oxygen content, wliereas during the production of pure nitrogen 
(99-6 per cent, and above) the oxygen residues will be only of 
60 to 80 per cent, purity. It is possible, howpver, and in soijie 
cases it has actually been accomplished in practice, to reclaim 
. a portion of the oxygen residues in a perfectly pure state. Only 
in rare cases, however, will this be required, because up to the 
present it has 'not often been necessary to supply lar^ 
quantities of oxygen and nitrogen at the same time and in the 
same place. It will |)e explained later that such contingency 
may arise in future. 

During the war^the most important application of nitrogen 
in Germany was for the prod\iction of calcium nitrate, for 
which in Germany five installations with a total hourly 
capacity of about 22,000 cubic metres, and in Auslyia four 
plants with a total hourly capacity of .3, .500 cubic metres, of 
nitrogen gas were installed by the Linde Gesellschaft. The 
largest of these installations is compose.d of six units, each of 
an hourly capacity of 1,700 cubic metres, and is situated in 
the former Government Nitrate Works at I’iestcritz, near 
Wittenberg, on the Elbe. This plant is j)robably the largest 
nitrogen-producing plant in the world, and was completed 
and set to work in 191.5 within the short period of ten months. 
Although this plant was designed in such a mamier that only 
four units were in operation at one time, it was for many 
months in continuous operation with five lyrits, with an hourly 
capacity of nearly 9,000 cubic metres. This has only been 
ptissiblc because the separation apparatus worked for over five 
weeks continuously without having to be. shut down or thawed 
out. With most other apparatus the drawback is, that the 
carbonic acid and moisture of the air freeze up and clog the 
separating apparatus. With the plant in question these 
difficulties have not been in evidence. The carbonic acid is 
separated under pri'ssure by means of caustic soda solution, 
whereas the water is removed by cooling tlio air to about - 30°C. 
by means of a refrigerating machine and special air coolers, 
which are changed from time to time. 'I’he power consumption 
in these plants amounts roughly to 1, h.p. hour per cubic metre 
of nitrogen. The air compressors employed are four-stage 



11 


piE ATMOSPHERE 

compressors for a maximum pressure of 1,760 pounds per’ 
square inch, which, however, is only required during the initial 
cooling period of the separation apparatus. The final pressure 
normally emplojjed amounts to 675 pounds per square inch. 
The machinery equipment was supplied by the Berliner 
Maschinenbaugescllschaft vorm. Schwartzkopff, and is coupled, 
direct to electric motors by Siemcns-^ehuckert. An installa¬ 
tion of the type described uses three seta A)r a capacity of 
2,000 cubic metres per hour. In this installation 2,000 cubic 
metres of pure nitrogen (of 90-0 per cei^t. purjty required for 
the manufacture of calcium nitrate) and 200 cubic metres of 
oxygen of a degree of purity of 95 per cgnt. are produced. 
Three similar installations with a total outjmt of 10,000 cubic 
metres per hour are in the course of erection for the production 
of synihetic ammonia by the Haber process. These in- 
tallations arc intended for tlio two largo works of the Badischo 
Anilin und Sodafabrik in Oppau and Merseburg. 

In this latter plant (.see p. 1(')5) three units, of an hourly 
capacity of 2,500 cubic metres eacli of pure nitrogen, and 
200 cubic metros of oxygen, are installed. The power con¬ 
sumption in these installations is roughly } h.j). hour per cubic 
metro of nitrogen. 

Numerous ox 3 'gen producing plants have been erected for 
various purpo.ses. The employment of oxygen for autogenous 
metal welding has become indispensable to the entire metal 
industry, and in (jermany about 14 million cubic metros of 
oxygen were said to have boon us(m1 for this purpose in 1920. 
This quantity of oxj'gen is supplied by larger or smaller plaifts 
distributed over the whole of (liTiuany, and partly also by large 
consumo*s on their own premises. The plants supplied by the 
Linde Company consume roughly l-ti to 2 h.p. hours per cubic 
metre of ox.ygen, measured under atmo.spherio pressure, and • 
supplied, for a pressure of 2,200 pounds per square inch, in 
steel cylinders. I'hc power consumption decreases as the size 
of the plant increases. ^ 

In some works a certain quantity of pure nitrogen is pro¬ 
duced besides the oxygen, which i.s likewise compressed into 
steel cylinders. 

Argon is obtained with some little difficulty, on account of 
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the closeness of its boiling-point to that of oxygen. The Linde 
Company also state that they have supplied two installations 
for oxygen, one with throe units each of 300 cubic metres and 
the other of three units each of GOO cubic metres per hour, for 
the new arc procc.ss (sec p. 253). In these installations the power 
.consumption amounts to 0-9 to 1 h.p. hour per cubic metre of 
oxygen. Those are stated to bo among the largest oxygen 
plants in the world. • 

Details of oxygen and nitrogen plants in other countries 
than Germany are not readily availiible, l)ut it is known that 
the unit capacity is much less at the present time. Some 
of the largest plants outside Qcrmany arc working in con¬ 
nection with nitro*gen-lixation processes in Norway and 
America. At Odda (Norway) a Linde plant, actuated by a 
200 h.p. motor, is capable of producing 100,000 cubii^foet of 
nitrogen per liour. It consists of seven units, the three older 
units liaving a capacity of 13,000 cubic feet, and the four new 
unit.s producing 21 , 7 nO cubic feet. 'I’he nitrogen contains less 
than 0-4 per cent, of o.xygcn. 1 n flic new Alby works (Norway) 
a Glaudc apparatus is installed, tlio nitrogen from wliich 
contains even less o.xygcn. Very largo Claude plants are 
installed in the ILS. Government Nitrate Factory at Muscle 
Shoals, Alabama, Ga., an account of which will be found in the 
section of this book devoted to cyanamidc (p. 188). 

The preparation of nitrogen gas is a technical process which 
has alreaily been highly jierfccted, and very little improve¬ 
ment is to be expected in this direction. Ilcccnt costly ex¬ 
periments in America, with a view to improving the ajijiaratus, 
have led, apparently, to no very decisive results. 

The cost of the production of nitrogen from th^ air, by 
liquefaction and fractionation, was estimated before the war 
at about Gd. per 1,000 cubic feet of the gas. 

If the value of the oxygen is taken into consideration this 
price would bo reduced. 'I'ho cost of o.xygcn made by this 
process was about lOd. to Is. per 1,000 cubic feet, pre-war, 
although the soiling ])riee was in the region of £4 per 1,000 cubic 
feet to largo users. In some cases tlu; patentees of plants made 
the stipulation that oxygen plants were not to be u.scd for the 
production of nitrogen, and vice versa, smee the firms supplied 
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both oxygen and nitrogen plants. With the recent improve¬ 
ments of plant, in which the same machine is capable of 
supplying either oxygen or nitrogen in a nearly pure condition, 
and the remaining gas reasonably pure, this restriction is 
hardly likely to survive. It is only by its promoters keeping 
fully abreast of all scientific progress tlu'oughout the world,* 
^nd by pre.serving an elasticity capable of responding to 
changing conditions and varying markets, tliat an industrial 
enterprise can Iiopo to hold its own. 

The Nitrogen Proilucts ( 'omipittee ap]x'intc(U>y tlie IMinister 
of Munition.s during the war .states* tliat the oxygen and liquid 
air industries in this country*cannot be sakl to have enjoyed 
a free and unrestricted devclopipcnt on a competitive basis, 
that the prices hitherto prevailing for the compres.sed and liquid 
products have not been conducive to their employment to the 
fullest extent in the important directions mentioned, and have 
served to debar their u.sc in other industrie.s in which cheap 
and, perhaps, low-grade oxygen miglit have been utilised with 
advantage. They recommend tliat “ all liquid air nitrogen 
plants used in cemnection witli nitrogen-fixation installation 
in the United Kingdom slumld be operat('d to the maximum 
advantage for supplying the growing home demand for oxygen 
and argon,” and tliat “ the imposition of restrictive trade 
agreements— such as have been operative at nitrogen-fixation 
installations abroad -which prevent the recovery and utilisa¬ 
tion of by-product»oxygen from nitrogen plants, should not be 
permitted in this country.” .Mr. K. 8. Murray, of the British 
Oxygen Company, has (./. S. ('. /., 1920, SIr) criticised some 
of these conclusion-s .somewhat severely, and dealt with some 
important points in detail. The main question of cost is, 
how'ever, not satisfactorily met. 

In some quarters the ideal of British manufacturers * 
appears to be some form of “ protection ” and complete 
elimination of competition between themselves and more 
progressive foreign competitors. Parliament has been pressed, 
to carry out some “ pledge ” which is understood to have 
been given, and has pas.sed, and is being urged to pass further, 

* Final Iteport of Nitrogen Products Committee, H.M, Stationery Ofliee,- 
London, 1920. Price 48. 
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legislation which will have the effect of giving certain firms 
and combines an unwholesome monopoly in production and 
marketing. This policy will lead to nothing but disaster. 
The British markets alone cannot .suflFiciently recompense 
undertakings of any magnitude, and in the fierce struggle for 
•the markets of the world the artificial protection of incompetence 
will prove a broken reed. This truth seems already to bp 
making itself fclf in more than one quarter. 

The Observer of October .'il, 1920, said: “Too many em¬ 
ployers and toev many, employed have imagined, if they thought 
about it at all, that they were living in an industrial golden age. 
It is now coming 4o,a cheerless end. Prices which ruled in a 
famine i>eriod are now restricting demand. t\'c have pro¬ 
duced, and are producing, much below our capacity; there is 
no plenty, and there is no cheapness. iMeanwhile, the other 
factor in our recovery, the ab.sence of our most formidable 
competitor from the markets, is not permanent. Germany, 
with such resources as she has, is working. Nothing can 
prevent a nation of sixty millions, skilful, industrious, and 
well equipped, from taking again her place in the world as a 
producer. Puny and pretentious attempts to defer that day 
by political devices will be swept aside by natural forces.” 

“ 'J'hc trade and commerce of the world, in spite of ideali.sts, 
will gravitate to the groups of men in any country who are 
able to produce cheaper and better than others ” (Lord 
Leverhulmo). 

. The Properties of Nitrogen. 

Although it is not a completely inert clement like argon, 
nitrogen shows little tendency to enter into combination with 
other elements. In this respect it differs remarkably from 
oxygen, the second main constitiicnt of air, which is charac¬ 
terised by the readiness with which it unites with other 
substances. The oxidation of carbon, which is the principal 
change taking place in the combu.stion of coal, is the source of 
^practically the whole of the energy utilised in Great Britain— 
and, in fact, in most countries except those having water-power. 
Even in countries utilising water-power a considerable pro- 
■ portion of the useful energy is obtained by the combustion 
. of coal. 
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Nitrogen ia a gas without taste or odour, and but sparingly 
soluble in water. It does not support combustion or life, and 
combines directly with very few elements; with these union 
ocpurs only with, difficulty and at high temperatures. Two 
compounds of nitrogen which can be formed directly are of great 
importance. 

Compounds of Nitrogen. 

The compound of hydrogen and nitrogen is Ammonia, NH,, 
which is a gas produced to a limited extent u hen electric sparks 
are passed through a mixture of nitrtjgen «nd hydrogen. 
Ammonia itself is decomposed by electric spark.s into its 
constituent elements, so that'when the eoifipound is formed 
from its elements by tlu^ passage, of electric sparks, it is at 
tlu! same time decomposed. When a certain percemtago of 
ammonifl is present, as much is formed per second as is de¬ 
composed, and a state of equilibrium is set up; any further 
passage of sparks leaves the composition of the gaseous mixture 
unaltered. It would then be a waste of time and electric 
energy to attempt to obtain any more ammonia by continuing 
the passage of electric sparks. J5y shaking the gas with water, 
the ammonia is dissolved, forming the familiar solution known 
as “ ammonia,” and the residual gas may again he treated as 
described for the production of a farther quantity of ammonia. 

When, instead of a nuxture of hydrogen and nitrogen, a 
mixture of oxygen and nitrogen is taken, and electric sparks 
passed through it, •combination .also occurs .slowly and an 
oxide of nitrogen is formed. 'Phis is Nitric Oxide, NO. The 
reaction is also reversible, and a state of equilibrium is reached 
after a time, when no further combinalion occur.s on prolonging 
the sparking. 

The two chemical changc.s described above are represented 
as follows; 

I. Nitrogen + Hydrogen = Ammonia 
N, d- 

II. Nitrogen -f Oxygen Nitric Oxide 
Nj +O 2 2NO 

The arrows show that the reaction m.ay take place in both, 
directions—J.e., it is a reversible reaction. A state of equili- 
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brium is attained by reason of the reversibility of the 
reaction. 

Although ammonia does not change when mixed w.ith 
oxygen, nitric oxide absorbs a further quantity of oxygen, to 
form red vapours of nitrogen dioxide, NOj, which contains, for 
the same weight of nitrogen, twice as much oxygen as nitric 
oxide: 

. NO+0=NOj 

Nitrogen dioxide is not formed directly on sparking nitrogen 
and excess of’oxygefi tf)gether, since it is decomposed by heat 
into nitric oxide and oxygen, and cannot exist at the tempera¬ 
ture of the sparlf. • On cfxiling, however, nitrogen dioxide is 
formed, and the gas becomes faintly yellow from the small 
amount of nitrogen dioxide contained in it. If now this gas 
is brought in contact with water, in presence of excess of 
oxygon, the nitrogen dioxide dis,solves and a solution of Nitric 
Acid (“ aqua fortis ”) is formed; 

Nitrogen dioxitle | Oxygen | tA’alerNitric Acid 
2NOj 1- 0 4- ll^O =- 21[NO,i 

Ammonia is an alkaline substance, whilst nitric acid is a 
powerful acid. The uninterc.sting properties of the element 
nitrogen itself give no clue to the protean modilications 
exhibited by nitrogen in comlnnation with other elements; 
compounds of nitrogen show an astonishing diversity of 
properties. Who could predict that the material of beefsteak 
consists of the same elements, carbon, hydrogen, oxygen, and 
nitrogen, as the powerful explosive trinitrotoluol, or that the 
comparatively mild drug quinine shotild also conaist of the 
same elements as tlie powerful poison strychnine ? From a 
few building-stones in the form of chemical elements. Nature 
or the skill of the chemist raises the most varied structures, 
applicable to widely different needs of life. In the study of the 
compounds of nitrogen the immense x)ossibilities of synthetic 
chemistry are seen with most compelling force. 

The possibilities of modern chemistry have revolutionised 
business methods. The scientific chemist know's that,, by 
means of his research, a commercial process on which thousands 
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of pounds have been expended may at any moment become 
obsolete. No amount of purely business skill is of the slightest 
avail when this occurs. Natural sources of material, for the 
acquisition of which much has been spent in money and often 
in lives, may be rendered useless by some di.scovery quietly 
made in the laboratory. The indigo plantations of India worts 
superseded by artificial indigo. The scientific chemist, by 
whose labours tlieso elianges are brought about, is quite well 
aware of Ids position, altliough the noisy and self-important 
politician makes a much greater appeal” to tlie community 
at largo. 'I'hosci nations may be exj)eetcd to make the greatest 
progress winch are be.st aide tfl utilise the«frtdts of scientific 
discovery. Chicanery in business .and polities may give a 
temporary advantage, but the .sifting process is none the less 
sure, altlfough it is slow. liven when ]iolitieat shiftiness is 
coml)incd with intelligence, a.s it was in Imperial Germany, its 
end is still assured. When intelligence is lacking, the process 
of disintegration may lx; rapid. 

Combined nitrogen is a constituent of some of the most 
imj)oi’tant chemical compounds in nature and industry. In 
addition to ammonia and nitric acid, which arc used in com¬ 
bination with acids and liases, respectively, as plant fertili.sers, 
nitrogen enters into the composition of all vegetable and animal 
ti sues, in the form of Proteins, which are complicated organic 
sui.'stances containing carbon, hydrogim, oxygen, and nitrogen, 
and sometimes sulphur and jihosphorns. 'I'he average nitrfigen 
content of proteins Is 10 jier cent . Combined nitrogen Is also , 
a constituent of exjilosives, such as gunpowder, gun-cotton, 
cordite, nitroglycerin, dynamite, blasting powder, 'J'.N.T., and 
picric acid.* It enters into the constitution of numerou.s dyes, 
such as indigo and aniline dyes, and of drugs, such as quinine, 
strychnine, morphine, antipyrinc, and cocaine. Fertilisers, 
foods, dyes, drug.s, and ex])losives—the fields of application of 
combined nitrogen arc almost coi'xtensive with civilisation 
itself. 

Fixation of Nitrogen. 

In the free state, as it is pn'sented to us in enormou.s 
quantities in the air, nitrogen i.s quite inert. The air over a 
square mile of the surface of the earth eontaims 20,0011,000 tons 

9 
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of nitrogen awaiting utilisation. The natural sources of 
combined nitrogen arc few, and are rapidly approaching 
exhaustion. The nitre-fields of Chile at present supply a 
large part of the world’s consumption of*combincd nitrogen. 
The rest is furnished, apart from new processes, by the ammonia 
'obtained from coal in the manufacture of coal gas, and of 
metallurgical ^!oke in coke ovens. Coal contains about 1 /p'ei 
cent, of combined nitrogen, and a small part of this, about 
one-fifth, comes over with the gas and tar when the coal is 
destructively distfiled in gas and coke making, and is re¬ 
covered in the form of ammonia. 'I'hc ammonia is neutralised 
with sulphuric field, and the ammonium sulphate is used chiefly 
as a fertiliser, Chile nitre, which is sodium nitrate, NaNO^, 
is also largely used for the same purpose. Plants take up 
combined nitrogen from the soil, and unless this fa replaced 
the soil gradually becomes sterile. The fertile soils of the ’ 
United States are becoming progressively impovi'rished, and 
the area of cultivation is moving slowly furtlier and further 
west. 

The amiual output of nitre from Chile is about one million 
tons, and the deposits arc slowly becoming exhausted. The 
nitrogen present in the air above one square mile of the surface 
of the earth is thirty times that contained in the combined 
annual outputs of Chil(> nitri! and by-product ammonium 
sulphate. Varying estimates of the possible life of the Chilean 
nitre-beds have been given. The most reliable put this at 
from one to throe hundred years, \^’hen the nitre-beds are 
worked out, and no other sources of combini'd nitrogen become 
available in the meantime, the outlook, as the late >Sir William 
Crookes pointed out, is simply starvation for the iiuman race. 

The Nitrogen Problem is this problem of__avoiding the 
ultimate starvation which awaits us unless some other source 
of combined nitrogen is found, and the question of the solution 
of the nitrogen problem is one in comparison with which the 
political bickerings, known as “ statesmanshiji,” shrink intc 
the minutest insignificance. The problem can be solved only 
by experimental research, and as the pinch becomes in¬ 
creasingly tighter the true relative importance of science am: 
politics may be expected to become more and more apparent 
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i)'or various reasons all civilised countries, except Great Rritain, 
lave already taken active .steps in the way of the solution of 
the nitrogen problem. Those who were in a position to know 
the facts during the late war realised that the sea transport 
of nitre, which w'as used in prodigious amounts for (he manu¬ 
facture of explosives, was exposed to great dangers of submarine 
ariack. and that ships that slionld have heen^carrying food 
were laden with nitre from Chile. The jiosition at one critical 
meriod, as the authors are well aware, was of the gravest 
'character; the stock of nitrates was to hoTeckoittd in weeks, 
not months. iStill another claim for winning the W'ar might 
be advancetl on behalf of Chile;*at any rate. it‘is quite certain 
that without ('hile the Allies would .s^ieedily have been reduced 
to impotence. 'I'he possibility that such a state of alTaii's might 
come to p&Ks was not unknown to some naval officers, and the. 
W'arning of Sir Percy Scott is probably remembered. The 
political heads of the country, however, seem to have had at 
the beginning no inkling of the rial situation, nor of the proper 
w'ay to meet it. At tlui terv time when lixed nitrogen in tho 
form of Chile nitre was living imjiorted into tho country at 
great risk and expense, no less than (!0 pir cent, in 1915, and 
70 per cent, in 191 (i, of our own sourei' of combined nitrogen— 
ammonia -was being exported ! Xot only was this drain 
pe; mitted, but large quantities of sulphuric'acid, urgently 
needed for the manufacture of munitions, were used for tho 
production of this exported ammonium sulphate. At a time 
when every effort was bi'ing made to increase tho output of 
sulphuric acid for munitions, 294,UUO tons of chamber acid 
in 1915, and a minimum of 25fl,900 tons in 1910, wore actually 
sent out of'thc country in tho form of ammonium sulphate ! 
Those in authority wore probably nut aware that sulphuric 
acid was used in the manufacture of this jiroduct. W’e surely 
won the war in spite of “ statesmanship.” It was at a com¬ 
paratively late stage of tho war, when the menace of starvation 
was by no means imaginary, that fixed nitrogen was dimly 
recognised as in some way necessary to war, and feverish pre¬ 
parations were made for the erection of synthetic nitrate 
factories. These were obstructed at every turn. The immense 
German Haber factory at Merseburg was erected and W’orking 
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in a little short of a year, but there is still no British works of 
any kind for the fixation of nitrogen. The Armistice put a 
stop to the very modest progress which had been made in two 
years—amounting to the purchase of some material and the 
erection of a few sheds, on a site convenient for Zeppelin 
'attack, and the “ National Factory ” is now owned by private 
interests. Progress under the new conditions does not s^eiu 
to have been any more remarkable than previously. 

'The producers of ammonium sulphate have, within the last 
few monthi.^ realis'd that a synthetic ammonia process is in 
being in Germany, and from recent announcements it may bo 
inferred that the.produccrs of Chilean nitre are also becoming 
uncomfortably aware thjt the synthetic jirocesses in other 
countries are likely to become a menace before very long. 
The ostrich is about to lift its head from tlic sand. It is to 
be feared that a disconcerting S[)('ctacle will await its clouded 
vision. “ Protection ” will doubtless bo the remedy once more. 

The position in thi.s country during the war was in sharp 
contrast to that of (liTmany. Before the war Germany was 
the world's largest produeer of sulphate of ammonia and the 
world’s largest consumer of (,'hilean nitrate. In 1913 Germany 
consumed 480,000 tons of sulphate alone out of a production of 
521,000 tons, 20,000 tons only of which was synthetically 
produced, and 750,000 tons of Chilean nitrate. The total 
German production of nitrogen products in 1913 represented 
110,000 metric tons of nitrogen. It is .estimated that in 1917 
■her total requirements represented 415.000 metric tons of 
nitrogen, showing a deficiency of 305,000 metric tons, and the 
cessation of imports rendewid it essential to make up the doticit 
as far as possible by augmenting home jirodiKition, 

In addition to increasing the output of her by-product 
ammonia industry from 413,000 metric tons of ammonium 
sulphate in 1914 to an estimated total of 700,000 metric tons 
in 1917, Germany resorted for the manufacture of the es.sential 
nitrogen compounds to synthetic processes on the perfection of 
which she has spent millions of money. By means of the Haber 
process and the oxidation process, untried in this country before 
the war, Germany rendered herself secure, so far as munitions 
went, until her chemical factories were bombed by the Allies. 
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It is estimated that the actual production by the synthetic 

E nimonia process in Germany was extended from llO.OOO tons 
f stilphate of ammonia in 1914 to 500,000 tons in 1917, which 
as since approached 1,000.000 tons, and that tlie ammonia 
bxidation 2 iroces.s, thougli only capal)le of producing nitric 
acid at the rate of IdO.OOO tons per annum in 1916, was cx- 
^i.nded to meet the military re([uirements of the Central 
Power.s, w’hicli were estimated to bo 4r)0,o00 ton.s in 1917. 
The cyanamide industry was also ex|)anded to such an extent 
that, although only having an output of 94;000 tons of cyan- 
amide in 19111, it had aji estimated minimum productive 
capacity of 500,000 Ifins in 1917. ’ I'y the use o,? these processes 
Germany is e.stimated tt) have ]in)dueed in 1917 nitrogen 
products equivalent to metric tons of nitrogen, thus 

more tliai* wiping out the delieit. It is probable, according 
to the Nitrogen Products Committee, that these figures 
are not altogether conq)lcte, as ])roeesses other than those 
mentioned arc believed to have yielded substantial results. 
Germany's sueitess, indeed, lends cohjur to tlu^ lh(siry that she 
did not declare war until she saw her way clear to produce 
w'ilhin her own Ixirders by synthetic jsrocesses all the nitrogen 
products rcupiirod for the great scheme of wsjrld conquest. 

The Nitrogen Products ( ommitte*^ state; that tin; existing 
.so irees of supply of combined niti'ogeu in the Cnited Kingdom 
pr(,', ed w'holly inadequate for meeting the war demands, and 
that they must be cimsiderably increased if the present and 
prospective homo demands are to be met and the pre-war scaltr 
of exportation maintained. They also point out that the 
nitrogen-fixation industries ih'vehqied in Germany during the 
war represcfit post-war assets of considi.'rable value, and it is 
probable that they will not only enable that country to meet 
increasing requirements for ammonia and cyanamide nitrogen 
for some years to come, but will place her in a strong jrosition 
for competing in the nitrogen markets of other countries. 

In a section discussing the inlluence of the war on future 
policy the Committee state that if a country is to rely on Chile 
nitrate for meeting a war demand of the magnitude neces.sitated, 
by the condition.s of modern warfare, that country must bo 
prepared (assuming, of course, that Chile is not a belligerent) 
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to face a heavy demand on shipping, a large advance in the 
price of imported materials, and a consequent increase in the 
cost of products manufactured from them. 

Reliance upon synthetic methods for a»war demand would 
mean that a country must be prepared to face a large initial 
Capital outlay, but, as compared with the Chilean nitrate 
process, “ two years’ expenditure upon imported raw mater/'i!. 
would alone more than cover the estimated pre-w'ar capital 
outlay for synthetic installations capable of furnishmg the same 
amount.” • <• 

Since fixation i)roecsses arc thoroughly reliable even when 
installed as eihergcncj' measures under war conditions, as 
exjrerienco in Germany sjiowed, and since very serious risks 
arc involved iji relying upon overseas shipments of raw material, 
the Committee say; ”'I’he conclusion seems evtient that 
considerations of national safety, of finance, and of utility 
would force a country to rcsoi't to a j)olicy of adopting synthetic 
methods as an iusmance against future emergencies instead 
of placing reliance upon the importation of Chilean nitrate. . . . 
Assuming the em])loyment of steamers each cajjablc of carrying 
about .f.OOO tons dead weight and making three round voyages 
per annum between Chile and Eiu'ope, the requii'ements for 
nitrate alone would necessitate the constant service of a licet 
of about forty-eight steamers.” 

Another important factor in deciding the relative merits of 
natural or by-product and of synthetie nitrogen products is 
•that of quality. Prior to the outbreak of the late war, ac¬ 
cording to a recent article, ” the Rritish producer of sulphate 
of ammonia gave no liced whatever to the chemical and 
physical characteristics of his product. He knew that, 
although the home consumer was a comparatively negligible 
quantity, the export market invariably absorbed the balance; 
and—beyond the test for nitrogen content—practically no 
questions were asked as to other chemical properties or general 
appearance. The middleman or shipper was largely responsible 
for this state of apathy, for it was his business to satisfy his 
customers; and, naturally, if no special requirements were 
asked of the manufacturer, he did not feel inclined to go to the 
extra trouble and expense of producing a high-grade product. 
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“ To-day the situation is undergoing a complete change. 
Neutral sulphate having high-quality physical properties is the 
order of the day, and the purchaser is far more influenced by 
more coloiu' than ever before. The periodical discoloration of 
sulphate of ammonia, which usually occurs in fitful bursts, 
without any very obvious reason, is now mainly conlined to tho 
■‘".pall and medium scale producers, who have not as yet seen 
their way to install tho apparatus necessary for turning out a 
high-grade neutral salt.” 

In an editorial article, commenting on tliis pajgcr {Chemiad 
Age, December bS, 19-’(i), wo read: ‘'.Sulphate of ammonia 
and its vagaries in tho direction of colour and quality seem to 
have been monopolising attention of late. At ono time it 
u.sed to be .said that some purchasers of the material really 
would noj object if it consisted of about aU per cent, of plaster 
of I’aris, so long as it looked like what it was su 2 iposcd to bo. 
'J'ho insinuation may savour (jf hyperbole, but it certainly 
used to be a fact that quality, both physical and chemical, 
counted for little. Like no many others, however, the sulphate 
of aramo]iia consumer has ju-ogressed with the times. As an 
instance may be ((noted the (e([)ericnce of one of our rojno- 
sentatives who, while travelling in the .Midlands, got into 
conversation with an obvious agriculturist, and was jjarticularly 
surprised to lind him fully alive to the importance of nitrogen 
cvi.'i.tcnt, and a(q)ai'eutly well informed as to the high nitrogen 
fertilisers, such as synthetic urea, which the Dadischo concern 
is now turning out. An incident such as this serves to 
omj)hasise tho importance of every sulphate of ammonia* 
manufacturer attending to ((uality forthwith.” 

Such unexpected intelligence must, indeed, have been highly 
disconcerting. A simj)ler way of ovcrcommg the inconvcnionco 
of foreign competition will, however, doubtless be found. 

“ A short Bill . . .” 

The Solution of the Nitrogen Problem. 

Wo must now give a brief account of the methods by which 
the nitrogen problem has boon solved. In nearly every case 
these were based on discoveries by British non-technical 
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chemists, but, as in the case of the aniline-dye industry, the 
fruits of this work, hardly understood by those in authority, 
were, on account of lack of business acumen, allowed to pass 
to more progressive countries for industrial cjxploitation. Now 
that the hard spade-uork has been d<.ine, and the technical 
success oE the processes has been assured by foreigners, the 
British manufacturer is beginning to wonder if, even at thi^'^ 
late hour, ho cannot rescue some profit from the forgotten 
discoveries of his scientific cfuintrymon. (frandiose prospectuses 
are apjjoaring, in \shich the virtues of nitrogen fixation are 
extolled, and chemistry is dimly })croeived as a j)ossible source 
of profit in new,fields, 'I’he bivestor may not be- altogether 
forgetful of similar promises put before him a few years ago, 
and if he is wise ho will wisli to be assured tiiat the expert 
guidance of such highly comj)lex scientific undertakmgs is in 
the hands of men of science, ami that tliey are not merely 
distorted and nebulous fancies seen thruugli the spectacles 
of the financiers. At any rale, he may be spared some dis¬ 
appointment if ho does takr^ the troufjlo to g(;t this assurance. 

The li.xation of nitrogen as at present carried out on an 
industrial scale is based on the folhjwing processes; 

1. The direct union of the o.xygen and nitrogen of the air 
at the high temperat\ire of tlu; electric arc. At this high 
temperature tlie nitrogen is burnt by the oxygen to nitric 
oxide, NG, from which nitric acid is made by the action of air 
and water. Tliis so called Arc Process is carried out in Norway, 
Eranco, Germany, aird Switzerland. 

2. The direct union of nitrogen and hydrogen under great 
pressure in the j)resenee of a catalyst to form ammonia, from 
which nitric acid may be ol)taiiicd without difjiculty by 
oxidatimi with air or oxygen in j)rcsencc o[ other catalysts. 
This so-called Syutlietk; Ammonia Process was developed on a 
really impressive scale in Germany under the stress of war. 

3. The reaction of atmospheric nitrogen with calcium 
.carbide at a high temperature, with the formation of calcium 
cyanamide, t^aCN,, which can either bo utilised directly as a 
nitrogen fertiliser in the soil, or by heating with water under 
pressure can give ammonia. 'I’he latter can be fixed as 
ammonium sulphate for fertilising purposes, or oxidised to 
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nitric acid and nitrates. This is the Cyanamide Process,’ 
largely used in Prance, Norway, Sweden, Germany, and 
America. There are cyanamide works on Canadian soil, but 
it is perhaps characteristic that they are owned by an American 
company. 

The enormous extension which has taken place in nitrogon-- 
. fixation industries may bo appreciated from the following table 
(from the “ Statistical Supplement to the Pimil Report of the 
Nitrogen Products Coraiuittee,'’ IL.M. Stationery Ullice, 1921, 
Is. net), showing the actual output of fixed nitrogen in 1912 
and the maximum potential capacity in 1920 rc.speclivcly. 
The figures refer to world resources. , 
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This tiiblu sliov.s Uiat wliil.st tin- out put . oiitiibutcil hy Chile has decrease 
to lialf, that of synthetic industries has iuereased from 4) per cent, of tl 
wliole in 1912 to rilj per cent, in 19211. The most important fact is thj 
fixation processes are now the largest contributor to the world s retpiirement 
In spite of the enormous extensions ()f the Haber process, the cyttnainic 
process is the largest. 

♦ Maximum war output, 1917. 
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Besides these three main processes there are many others, 
but these are still in an experimental stage and cannot be 
described in the present book. Many of them, paraded with 
great mystery in patent sijecilications, are ipanifestly absurd 
and iinpo.ssible, but will no doubt feature in future company- 
•l)rQmoting prospectuses. 

Before we pass to a description of the existing processes of 
nitrogen fixatioir, however, it is necessary to describe the 
natural sources of nitrogen fixation, since these are at present 
the solo moauj of sufiply of the greater part of the British 
Empire. Those natural sources are Chilean nitre and am¬ 
monium sulphate obtained as a Ijy-product of the gas. and coke 
industries— i.e., from coal. A careful consideration of these 
sources is necessary, because they arc at present largely 
dependent on British capital, and it is therefore of interest to 
examine carefully thinr possible future, and the relations 
between them and the new methods which are being so actively 
developed. The competition at present between natural and 
synthetic nitrates is not such as to lead to any great interest 
on the part of investors or users, but it is unquestionable that 
it will become licrccr as the new Jiiethods are increasingly 
applied, extended, and improved. 

Every process of nitrogen fixation is dependent on cheap 
power. It is usually assumed that the synthetic ammonia 
process is an exception in this respect, but the large require¬ 
ments in cheap hydrogen of that process amount to the same 
thqig as cheap power, since the hydrogen lias to bo generated 
by electrolysis of water, requhing electrical energy, or prepared 
from water gas, in the manufacture of which largo quantities 
of coal are consumed—i.e., potential sources of energy. 

It will therefore bo necessary to make a brief survey of the 
sources of energy which are available, and the relation of these 
sources to nitrogen-ti.xation industries. 


Energy, 

It is a commonplace of science that all energy, except an 
■altogether insignificant fraction (which, if the theory of the 
origin of the earth usually accepted is true, is no exception), 
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is derived ultimately from the sun. The immense stores of 
coal arc the remains of the extinct forests of plants, the tissues 
of which were built up, as is the case with their modern 
descendants, on]y with the co-operation of the solar rays. 
Green plants imperatively requhe light for healthy growth. 
The rushing torrents, and UTOsistible falls of water, whioh havo’ 
been harnessed in a few cases to the needs of man, have their 
origm also in the heat of the .sun. Tlio wflter of the sea is 
■slowly evaporated by the solar heat, and the moist air, chilled 
in contact with lofty mountain ranges, d('f)osits iis store of water 
at a high altitude. In its descent from this altitude the water 
can perform work. This work, however, is derived from'the 
solar heat which raised the water in the first instance. The 
Norwegian water power is derived from melting snow, but this 
W Into foal was raised to its position of ])otential energy by the 
heat of the sun. The energy of the tides, the Green Coal which 
is now attracting attention, is derived from the rotational 
etiergy of the earth, and in utilising this we shall be following 
the gospel of Protection in its most sublime form. In supplying 
our needs wo .shall be applying a brake to the earth. 

At present the energy derived from water power in the 
United Kingdom i.s an insignilicant fraction of the whole. The 
coal supplies are still not too expensive to utilise, and coal 
economy is still more talked of tlian practised. It has generally 
been assumetl that the generation of electrical energy from 
coal would be too (jxpensive to permit of its use in the lixation 
of nitrogen. The Nitrogen Products Gommittee devoted a 
large part of then' report to the consideration of the economical 
use of coal in the generation of electrical energy. They pointed 
out thatlarge advances in economy were possible, and expressed 
the opinion that if the most economical method were adopted, 
which they considered to be the generation of electrical energy ‘ 
by large-scale direct-lired steam turbo-generator plant, the 
cost of the energy derived from coal need not bo too high to 
permit of its use in the economical and com 2 )etitive lixatipr^ 
of nitrogen. The conditions of operation were summarised as 
follows: “In the production of power for nitrogen-fixation 
processes it is therefore fundamentally necessary that {a) large, 
units of power plant should be employed, so as to minimise 
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the capital cost per kilowatt installed, the eoal consumption, 
and the running cost of the power station; (&) the power plant 
should be operated at a high annual load factor {i.e., a large 
proportion of tlio power capacity of the plant should bo 
utilised), still further to diminish the running costs per unit 
output; and (c) tlie design of the units of power plant should 
bo such that the utmcjst reliability of supply is ensm'cd.” 

This is the “ Sifi)er Power Station ” recommendation, which, 
like so many other “ Super ” schemes, lias aroused a good deal 
of criticism. j\lthough it would bo harrl to defend the present 
system of a crowd of tiny power stations, delivering all possible 
variations of curri'.nt- alternating, direct, low voltage, and 
high voltage—and tliereforo incapable of co-ordination, tho 
national prejudice against organisation as compared with 
individual initiative will doubtless hold its own for som/i time. 
In any case it may be said that tlu^ ('ntircly une.xpected turn 
taken by tho coal industries, and the apparently unending 
ujivvai'd tendency of the cost of coal, have completely falsified 
all the calculations of the Committee. It was assumed that 
coal at lOs. ])cr ton would be possible after the reconstruction 
period. It may safely bo said that it will bo a very long time 
before this hope is realised. 

The utilisation of ()eat, e.\.tensiv'e bogs of which exist in 
Ireland and in other parts of the I’nited Kingdom, has often 
been attempted. The dilliculty to be met is tho excessive 
amount of water in the material, sometime^^as much as 90 per 
ccn^. The cutting ami drying of peat are expensive, and other 
aihbitious schemes have proved total failures. Tho rosult.s so 
far obtained do not hold out much hope for the successful use 
of peat on a large scale as a source of power. 

Tho utilisation of tho water-power resources of tho United 
« Kmgdom is a matter much more worthy of consideration. 
Tho harnessing of the tides of the Severn has lately come pro¬ 
minently before tho public. As far as can be made out, tho 
.^scheme is part of a project for bridging the Severn for the use 
of the railway, anil there is a good deal more hope of a really 
useful and economical power plant being established in this 
way as an afterthought than on the basis of real national 
economy or benefit. A figure of a halfpenny a imit is quoted 



nItROGEN products 29 

by Sir Alexander Gibb: this is very much below the cost by 
steam generation, but it is still very much higher than the cost 
in Norway from water power, or in Germany from brown coal. 

• The establishiiicnt of a successful nitrogen-fixation industry 
in the United Kingdom is dependent on a cheap source of 
power. At present there is no ])ro,speet of such a source at alt 
comparable with those of Norw.ay. The utilisation of water 
power is a question whieli, in vieu- of recent i^iovemcnts in coal 
]5rices, is attracting a good deal of attention in many countries. 
In their Preliminary Jfeport, the W'atef Power Subcommittee 
of the Conjoint Board of Scientific Societ ies estimate the world’s 
demand "for power at ti’O million h.p... iftilised as follows: 
Kactories, 7.'); shipping, 24; raihyays, 21. Of the power used 
in factories the United Kingdom takes 1.3, and the British 
Domhrions 8, million h.]). Only 8-3 ])cr cent, of the nvaihbk. 
water power in the United Kingdom is at present utilised; 
in Germany IS-S per cent, is already harm'ssed. T'he aggregate 
potential water power of the British Umpire is estimated at 
50 to 70 million h.j). 

Bird’s-Eye View of the Nitrogen Industry. 

The whole nitrogen industry is summarised in a table, con¬ 
tained in the Report of the Nitrogen Committee, and repro¬ 
duced below. In this the dilTenmt jirocesses arc divided into 
il) Recovery Processes, including what we have called Natural 
Sources; (2) Fixation J’roces.ses, dejionding on the direct 
utili.sation of atmosj)herie nitrogen; and (3) Conversion Pro- 
ces.ses, in which a direct jiroduct of a fixation proces.s—viz., 
ammonia—is converted into a secondary product, nitric acid, 
which may be more useful for particular purjioses, or absolutely 
essential for some—e.y., in the making of explosives. 

Composition of Nitrogen Products. 

The various nitrogenous products contain very different 
amounts of combined nitrogen, and since the nitrogen contept* 
is the principal factor in determining their relative value, the 
following table may be u.scful for ]mrposcs of compari.son. 
This table is also taken from the Nitrogen Product Committee’s . 
Report. 
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Proc-tusefi. 

Recovery Processes: 
By-product ammonia. 


Retort or Chile ni¬ 
trate process. 


Primary ProiHcls. 


SecoTulary Products, 


Crude ammonia liquor i Other ammonium salts, 
or ammonium .sul-1 
phato, according to j 
t)io sysiom of re-; 
covory adopted. 

Nitric acid, dilute (65 , Nitrates— e.g.^ ammou- 
per cent.) or concen-. ium nitrate. 

^ trated (90 to 1)0 p(?r ^ 
eont.), according to l 
tho method of opera-! 
lion. . j 


Fixation Processes: 

(a) The arc process. 


(?>) Cyanamide pro¬ 
cess. 


O.xidcR of nitrogen, 

' normally recovered 

, as dilntc (ItO to 40 

I f)er cent.) nitric acid. 

1 Calcium evanamide. 


(c) Synthetic am¬ 
monia (Haber) 
process. 

{d) Cyanide processes 
(various). 

jy(«) Haiissor or Bcn- 
dor processes. 


Pure ammonia gas or 
solution. 


Concentrated (03 to 90 
per cent.) nitric acid, 
or nitrates of«calcium, 
sodium, or ammonium. 

Ammonia or ammonium 
.siilpliato; nitrate of 
urea, guanidine, and 
other organic chemi¬ 
cals. 

Ammonium sulphate or 
oliloride. 


(jC) Serpok process. 

Conversion processes: 

(a) Ammonia oxida¬ 
tion. 


. ('^nido sodium, barium, | Pinishod cyfinkles, or 
or other metallic ' ammonia or ammon- 
: cyanides. I ium salts. 

I Oxides of nitrogen nor-, (’oncentratod (93 to 96 
mally recovered as | per cent.) nitric acid, 

‘ dilute (30 per i;ent.) ] or nitrates, 

nitric acid. i - 

’ (’rude or pure aluminium! Ammonia or ammonium 
I nitride. ' salts. 


('oiK'cntratcd nitric acid; 
nitrates of ammonium, 
sodium, or calcium; 
pure nitrogen peroxide 
(XOj). 


{b) Bacterial 
tion. 


oxida- 


Oxides of nitrogen nor¬ 
mally recovered as 
dilute (50 to 53 per 
cent.) nitrie acid: eon- 
centratod nitric acid 
(65 to 70 per cent.) i 
or metallic nitrates! 
by tho now direct j 
processes (p. 322). j 

Dilute solutions of ni- i Nitrates of calcium 
trates of calcium or i aminoTiiiim. 
ammonium. I 


{Note. —^Tho above table has boon brought up to date m one or two instances 
nee its pubUcationin 1920 by tho Nitrogen l^roducts Committee.) 





NITROGEN CONTENT OF I^fT ORTANT NITROGEN COMPOENDS AND PRODUCTS. 


nArogen products 


31 




Hi 9 O C-. 

6 «b 






rt O -M »0 
CO o -7 ‘O I’ 

Cl 10 ‘f5 ‘b cb 


o o o o o c- 
o o o o o 






C -O ^ 


'.t 

-f 

CO 


: a 


y, £ 
sfi 


Si 

S -w 

S 

p O' 

1 “ 






CC h 

S E- LO 

O C I'S ' 

•g c <M '5'^ c 

o 

c 


- oS 2 
'3 is S' 

n ’ll i 

«> c5 7 c 

•r C - 3 

■Sc s 

go £5 

I € 

•n O 


^ o 


• • ■& 

ii S I 

2 :6 ’’ 

.'Z' g C' 
^ tx; O .2 

.■2 . d S S 
. 3 
o 3 


ei -5 


tH ^ 

^CO 


. a 

!•• 

CJ -H 


O 

K 


^ c 


£ B ^ 

.2 g i 6. 
I B So 
|2i|2 

Ph 


Calcium Nitrate, Ca(N 03 ) 2 J • 

(«'. 100 per*cent. .. .. .. « 5*S6 

Commercial .. .. .. ‘ 13*0^' ‘ 7*69 





32 THE NITROGEN INDUSTRY 

It must be noted in connection with this table that the 
combined nitrogen content is not tlic only factor determining 
the utility or value of a material for industrial or agricultural 
purposes. In particular, the fertilising value of combined 
nitrogen varies according to the .state in which it is present, 
lb i.s generally admitted that nitrate nitrogen is of the greatest 
value for fertilising purposes, as all the other forms have first 
to bo convertod'into nitrate nitrogen before assimilation. The 
conversion of ammonia or cyanamido nitrogen, however, 
takes place sc easily in the soil, by the action of bacteria, that 
the differences arc very small. The various kinds of combined 
nitrogen may bo classified as follows: 

I. Nitrate Nitrogen: Exis.ting as Nitric Acid, HNO 3 , or its 
salts, the Nitrates— e.ij., .Sodium Nitrate (Chile Nitre), NaNO^, 
Potassium Nitrate (Saltpetre), KNO 3 , Calcium .Nitrate, 
CafNO.,) 2 , and Ammonium Nitrate, NH 4 NO 3 (this also contains 
Ammonia Nitrogen), 

II. Nitrite Nitrogen. : Existing as Nitrous Acid, HNO^, or its 
Anhydride, Nitrogen Trioxide, Ndh,, or its salts, the Nitrites— 
e.g.. Sodium Nitrite, NaXO„, and Calcium Nitrite, CafNOa),. 

III. Ammonm Nitrogen : Existing as Ammonia, NHj, or 
Ammonium Salts- e.;;., Ammonium Chloride, NH4CI, Am¬ 
monium Sulphate, (Nir,) 2 S 04 , or Ammonium Nitrate, NHjNOj. 

IV. Cyanide Nitrogen : Existing as Hydrocyanic Acid 
(Prussic Acid), HCN, and its salts, the Cyanides — e.g., Potas¬ 
sium Cyanide, KCN, and Sodium f!yanide,iNaCN. 

•V. Gyamimide Nitrogen ; Existing as Calcium Cyanamido, 
CaCNj, Barium Cyanamido, BattN,, and as free Cyanamido, 
NHjCN, formed by the action of moisture on the metal 
cyanamidcs. 

VI. Other Forms : These include such products, natural or 
artificial, as Alkaloids {e.g., Quinine, Strychnine, Morphine, 
Hyoscine), Ifyes (fndigo, etc,). Drugs (Antipyrine), Explosives 
(T.N.T., Picric Acid). fVith these forms we shall not bo con- 
eprned; their preparation is not connected directly with the 
Nitrate Indu.stry, although many of them cannot be made 
without supplies of Nitric Acid or other Nitrogen Com¬ 
pounds. ' 

Of all the forms of combined nitrogen, ammonia nitrogen 
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bom gas and coke-oven liquor and from blast furnaces, and to a 
rery limited extent cyanide nitrogen, are the only ones produced 
p the United Kingdom.' The whole of the by no moans small 
requirements of the country in nitrates, and in cyanamido, are 
supplied by foreign countries as imports. The most important 
^ nitrate in the form of Chile nitre: other products such as 
guano and potassium nitrate arc impoi'ted in relatively small 
piantities. The commanding position in the nitrogen supplies 
of the world before the war was hold by Chile, and although 
eynthetic processes have during and shicc tlic war been 
developed on an immense scale, Chile still remains an important 
Bource of tho world's .supply of combined nitrogen. We shall 
therefore commence our detailed description of the nitrogen 
supplies by a reasoned consideration of the part played by 
Chile, an^ its possible future. 


Sodium Nitrate (Chile Saltpetre), NaNO,,. 

As a most ellieient manure, the agricultural value of this 
important salt has long been known, but the discovery of 
naturally occurring depo.sits <inly dates back some one hundred 
years. 

It somotimi's occurs in natural and artificial accumulations 
in as.sociation with potassium nitrate, but by far the most 
important sources of the .salt are the famoms beds found in Chile 
and Peru and along^ tho coasts of Bolivia. There is little 
prospect of any other extensive deposits of sodium nitrate 
being discovered, a.s owing to its solubility the substance can’ 
only accumulate in rainless districts. Outside (Jhile such 
districts are few, and apart from some unexplored deserts it is 
difficult to SCO where any large quantity of tho material can 
3xist. 

1 he nitrate district of Chile starts in the north at Hazpampa, 
and runs south parallel to the coast to Lagunas. Behind tho 
seaboard ports, .such as Pisagua, Iquique, etc., the coast hills 
rise abruptly to a height of about feet. Further Inland 
Lhe hills give place to the level and desert pampas, which 
extend eastward to tho foothills of the Cordilleras or Andes, 
lhe nitrate-bearing material is found on the eastern slopes of 

.a 
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the coast hills, particularly towards the Pampas de Tamanigal 
and the desert of Atacama, at a height of from 3,000 to 5,000 feet 
above sca-lcvid. The beds lie from 10 to 45 miles inland, and 
are found mostly in valley cavities. The nitrate-grounds form 
a long, narrow .strip, on the average some 2 to 3 miles in width, 
ima rainless region devoid of vegetation. An e.xamination of 
a typical bed worked for nitrate will in general reveal the 
presence of the‘following layer,s, mentioned in order from the 
surface downwards; 

1 . The. Sni^acR Lnyer, or Uhuca. —A layer of g 3 'psum sand 
containing rough pieces of a greyish material largely consisting 
of anhydrous cakiuim .sulphate, and known as “ loza.” This 
layer may be from 8 to 10 inches thick, 

2 . The CoMrii. —A rocky conglomerate in which clay, gravel, 
fragments of porjrhyry, felspar, etc., arc cementedtogether 
by the sulphates of calcium, potassium, .sodium, and magnesium, 
together with a little socli\im chloride. The costra may extend 
to a depth of some C> to in feet. 

3 . The Coiigelo.— A layer of which the predominating con¬ 
stituents are the chlorides of sodium aiul magnesium, some 
sulphates, and even a little sodium nitrate. 

4 . The Valiche, the real nitrate-bearing earth, is found 
beneath the congelo, and is a laj'cr varying in thickness from 
1^ to 12 feet. The caliche is larg(dy composed of sodium 
nitrate, and is the material primarily worked up for this 
salt. 

> 5 . The Cobd.- A clay bed upon which the caliche rests, and 
which is itself in contact with the primitive rock. No nitrate 
is found beneath this layer. 

Grades of CVdic/te.--'There are considerable variations in the 
nature and depth of these layers, particularly in the southern 
districts. 'The content of sodium nitrate in the caliche varies 
considerably, and caliche may bo divided roughly into three 
grades; (a) 'The llrst ([uality, containing 40 to .50 per cent, 
.and even up to 80 per cent, of sodium nitrate; (6) the second 
quality, with 30 to 40 per cent.; and (c) the third quality, witt 
between 17 and iiO per cent, of sodium nitrate. 

A good ground woidd possess a bed of caliche 3 to 4 fee- 
thick and containing 40 to 45 per cent, of sodium nitrate 



CHILE NITRATES 35 

NaNOj. There is a possibility that sooner or later material 
with even less than 17 per cent, sodium nitrate (grade c 
above) will be workcil econojnically, as methods of extraction, 
plant design, etc., are evolved and improved upon. 

Caliche is .sampled locally by throwing a pulverised portion 
on to an incande.scent tinder. Material witli a content of 
les.s than 5 per cent, of nitrates does not give spark.s; with that 
containing from (i to In jier cent. Ilie sparks are barely visible; 
from 10 to L’o per cent, the sparks are more visible and numerous; 
and with 20 to 20 jier cent, the sparks ar.^ visible in full sun¬ 
light. The })resenee I'f over 3') i)er cent, nitrate.s is indicated 
by deflagration and dame. 

"J'he following are tj-pical analyses of caliche, I. being a 
jample of an extensive deposit as given by Forbes {Phil. Mug., 
I8(i(!, 32^12.')), and Jl. a sample of the material worked by 
the Olicina Kamirez (Harv('y, Proc. fust. ('. K., ISSI), 82, 
■127): 

I. IL 


Sodium nitrate 
yoflium ohlorido 
Sodium sulphate 
faleium cldoriile 
Pota.'^siiim ioditio 
Aluminium sulphate 
Alagnesium sulphate 
Insoluhlc matter 
JMoistun? 

• 

Total 


. 21(H 51 

. 55*27 2(i 

. -l-T-l (i 

. O-Xi — 

0*87 
. i)*81 

. 5-!):t 

. 204 14 


.. lOO-dO 100 


Ijonnan (Chem. Age. November 20, 1010, 1, 024) gives the 
iomposition of the beds as follows: Sodium Nitrate, 14 to 
to per cent., normally 25 percent.; Potas,siumNitrate, 2 to 6 
)er cent., normally 2 pc'r cent.; Sodium Chloride, 8 to 25 per 
;ent. Insoluble residue (clay, gravel, and sand), 25 to .50 per 
■cnt. Present in small amount only: Calcium .Sulphate 
2 to 6 per cent.), Sodium Sulphate, Magnesium Sulphate, 
hesent in traces only; Borax (1 to 2 per cent ), lodate (O-l per 
ient.), Percldorate, Chromates, Vanadates, etc. 

Newton (J. S. C. /., lOtM), 408) gives the following analyses 
)f caliche and costra: 
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VVator .. .. • • ; 2*322 

SSodium nitrate* .. .. 5()*04r) 

* Pqtassiiim nitrate* 0*454 

Sodium chloride .. .. : 25*272 

Sodium sulphate .. .. 5*204 

Calcium flufphate .. 2*720 

Magnesium sulphate 0*320 

Calcium phosphate .. , None 

Potassium iodaU^f « • i 0*022 
Ferric oxide and alumina.. I 3*200 
Silica .. • • • ■ j 10*434 

'rotal* . . : 100*00(1 

* 'I'otal intrates .. ; 50*5(0) 

I (.'ontaining iodine .. 0*017 


Caliche. Costra. 


2 

3 

1 1 

2 

_ 

2-i547 

4-122 

3-653 


28-503 

13-62(1 

12-260 

4-800 

4-512 

3-017 

2-963 

2(v')12 

2l-',ifl:j 

18-052 

20-820 

2-r)4o 

2-78(1 

4-()i)() 1 

5-504 

8-0(11 

5-0.32 

7-203 

7-682 

.5-022 

4-514 

(i-60(> i 

4-593 

’rraco 

0-312 

0-223 i 

0-262 

0-101 

0-073 

0-076 ' 

0-096 

l-8.5;i 

2-270 

3-830 

3-920 

i4-io;i 

27-428 

37-349 

38-247 

100-000 

100-000 

100-000 ‘ 

100-000 

■14-122 

33-015 

16-643 

15-223 

O-078 

0-0.57 

0-059 

0-071 


Another analysis of ttie best quality of caliche is as follows; 


Sodium nitrate 
Soflium chloride 
Sodium sulphate 
Magnesium sulphate 
Insoluble 


.. 50 

Sodium iodate 

i 

.. 20 

Sodium uitrito 

•• 

0 

.. 3 

Magiiosium chloride .. 

1 fydrociilorio acid 

'•■I 

.. 14 

Magnesium nitrate .. 



According to F. Dafert (;Uo7/u(.s’.. 1908, 29, 2,35; abst. 
J. S. C. I; 1908. 27, 084), chemical examination of eight 
specimens of “ caliche ” from widely <lift'erent sources .showed 
that in all cases the portion solul)le in water contained calcium. 
Magnesium, potassium, sodium, nitrate, chloride, sulphate, 
and iodate. [t\ most cases perchlorates also were present: 
and in the two siiccimons richest in nitrates small quantities 
of chromates were found. In no ease did the soluble portior 
contain bromide, borate, nitrite, ammonia, carbonate, phosphate 
or iodide. The specimens richest in sodium nitrate container 
also mncli potassium nitrate. Didcrent views as to th( 
cause of the presence of iodate and percblorato are discussed 
the author being inclined to the bypothesi.s that iodate anc 
periodate arc produced by the action of the higher oxides o 
nitrogen, or of tlieir unstal)le com.pounds, with ammonia, oi 
iodide, and perchlorate by the oxidation of chloride by iodate 
Perchlorate is usually considered to be a plant poison. 
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Formation of the Chilean Nitrate Deposits, 

JIany tlitories have been advanced to account for the 
I formation of tlie?e nitrate deposits, wliieli in tlieir way arc 
unique. Ihianimity lias by no inean.s been reached on this 
question, and it would a])pear that considerable and systematic 
'geological and chemical research will yet be necessary before 
a final opinion can be given. * 

The deposits do not form beds of any definite character, 
but re])rescnt the outcrop of a bed of sa't '■ Inch appears to have 
been left at the bottom and sides of ancient tidal lagoon.s by the 
upheaval of the coast. Cuatu). fish remain';, and other sub- 
,stances of marine origin, abound. 

1. One theory regards the nitrate as the product of the 
decompqsilion of organic matter in the ])resenee of calcium 
carbonate and the salt left by the evaporation of sea water. 
This view receives a certain amount of support from the 
jiresence in the deposits of .sodium iodide and iodato, and of 
.salts of inagne.siiim and caktum. all of which occur in sea 
water; hut it should be remembered that the presence of these 
salts may be ipiite well ae'-oimted for by land washings, as 
in the ease of other inland salt lakes. The nitrilieation .seems 
to have oceurred only at the onfero|) of the salt, for the content 
'f sodium nitrate diminishes towards the middle, and practically 
V "lishes at tin; centre of the de|iosit. 

'The alwenee of luomidie however, is evidence! against the 
evaporation of an iidand sea. sinc(! bromides arc always present 
in sea water, as is also the fact that the .stones in the caliche" 
arc sharjD and jagged, showing no signs of l)eing water-worn. 
The absence of phos|)hates also I'ather discounts the idea that 
guano may ha\'e been the substance ]»rimarily responsible for 
the formation of the nitre, since guano is rich in [ihosphates. 

2. Another possible theory is that in jm.st geological ages 
this area was a centre for violent, thunderstorm conditions, 
and o.xides of nitrogen are siqqiosed (o have been produced 
in the atmosphere, being subse(piently fixed as nitrate.s in 
underground drainage systems, 

3. Nitrifying bacteria may be responsible for the formation, 
the temperature and basic ingrediont.s of the soil rendering this 
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possible. The nitre might bo expected to accumulate owing 
to the absence of vegetation for its assimilation. The con¬ 
centration of the deposits on the cast(!rn slopes of the coast 
hills may bo regarded as ihe effect of the Su.shing of the-soil 
from the foothills of the Andes throughout the width of the 
Tamarugal valley. The coast hills form a barrier to the 
further passage of the washings, which evaporate and deposit 
their saline contents. 

, , Extraction. 

The Reparation of sodium nitrate from the raw caliche has 
been the subject?of much stiuly and experiment, particularly 
of recent years. Dui'ing thg first half of the nineteenth century 
the only material workcxl was that containing over 50 per cent, 
of nitrate. The caliclu^ was lioiled with water in opan direct- 
fired tanks, the solution being transferred to settling tanks, 
where the insoluble matter and the sodium chloride wore 
deposited. 'I'he solution was then allowed to crystallise in 
the “ bateas,” The residue in the settling tanks, which was 
frequently discarded, contained 15 to 125 per cent, of nitrate. 
In 1856 the method of steam heating for the di.ssolving tanks 
W'as introduced, and the mass W'as agitated by the injection 
of live steam under a pressure of about 5o pounds per square 
inch. Later, indirect steam heating was introduced, d’hese pro¬ 
cesses resulted in the accumulation of much waste material, which 
in reality contained appreciable amounts unextracted nitrate. 

'•The Shanks I'rocess, introduced in 1876. and still almost uni¬ 
versally employed, facilitated the treatment of jioorcr material 
than was up to that time generally worked, and was then an 
undoubted advance on any other method of extraction in use. 

The chuca dust is cleared away, and a round hole about 
9 inches in diameter is cut vertically through the eostra and 
caliche. When the congelo is reached the, hole is enlarged 
to cup form, the cavity being filled with gunpowder, to which 
is connected a slow match to the surface. The hole is then 
well tamped with debris, the charge is tired, and a good 
explosion will cause the ground for yards around to be split 
up and broken. The blocks are loosened with crowbars and 
the bigger lumps broken up, the eostra overlayer being 
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separated from the caliche. Tlio trcncli is then worked forward 
by another explosion, being filled in behind with the costra to 
form a cart track. 'Fhe material is sorted, classified, and 
placed in heaps by the workmen, and is then transported to 
the nitrate works by imilc carts or railway wagons. 

The nitrate is extracted from the erudi^ material by boiling * 
with water, the boiling tanks being built on a hill as near the 
centre of the grounds as po,ssil)li>. They are blevaled in order 
to allow the .solution of nitrate, orealdo." to run down into 
the crystallising tanks and to give a g(.)od»shoot for the residue 
from the lixiviation (“ ripio "). There must also be sufficient 
fall for the conden.sed stcanw)f the (u)ils.ti* run back to the 
.steam boilers. Kor good working the bottom of the boiling 
tanks should be about 12 feet above the top of the steam 
gencrattfr.s. 

'I'he raw material is ilumped in lnm])s of about 1 foot 
riianieter, anil is then crushed to |)ieci‘s of 2 to I! inches in 
diameter. Finer eru.shing is not a,dvisable. as the caliche in 
the boiling tanks would then lie too close to allow the water to 
circulate thoroughly through the mass. 

A typical boiling tank would be some .'52 feet long, 9 feet 
deep, and (i feet wide, and a .'i-inch steam pipe forms a coil 
about U inches from the sides, making the circuit of the tank 
live times. Steam is let in at the lop, (ho condensed water 
.'h wing out at the liottotn. The coal u.scd in raising the steam 
amounts to about I, ton for every 7 tons of nitrate produced. 
The tanks arc constructed of Finch iron,plate, and are fitted 
with a fal.se bottom in the form of an iron grid about 1 foot 
above the real bottom. This grid serves to support the caliche. 

There arc two doors at the bottom, wdiich are opened from 
the outside during the clearing out of the s])ent material, 'I’he 
tanks are .strengthened by cro.ss bars from side to side. From ’ 
below the false bottom one opening is arranged to allow the 
ealdo. or hot nitrate liquor, to pass l)y means of curved iron 
troughs down to the crystallising latdrs, and another lower one ' 
allow.s the “ rclave. ’ or last washing, to run out to the relavc 
tanks or re.sm'voirs. 

The charge for each tank is about GO to 80 tons of caliche,', 
and the tanks are worked in batteries of .six or eight, com- 
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municating by a 9- inch pipe. The exhausted caliche is cleared 
from the last tank of the series by hand into trucks, in the 
form of a liquid mud which afterwards sets hard like cement. 
Much space has to be left for the accumulation of these ripio 
heaps. The next tank in the series contains nearly spent 
cijicho having its last wasliing with fresh water. After stand¬ 
ing some hours tliis water i.s run off by the relave vent and 
carried to one of the relave re.scrvoirs near the lixiviation tank. 
When all the water has been run olf, thi.s tank is treated as 
a ripio tank described above. 

'I’he next tank contains partially extracted caliche, on which 
relave water is nlhiwcd to run. When this water has been 
allowed to stand for a few hours the liquids are passed from 
one tank to the next. IMain water is run in from the top, 
forming a layer on top of the heavier relave water, .which is 
gradually passed down through the false bottom and up the 
O inch connecting i»ipo to the top of the, next tank. This 
operation will, of course, drive forward the still more enriched 
liquor in the tanks higher in the .scries. 

In the second, third, and fourth tanks of the series, containing 
richer caliche, the liquor is heated by means of the steam coils. 

In the first tatde of the s(Ties the licpior is boiled at 120° 0. 
by means of steam at .'>0 pounds ])ressuro passing through the 
coils. In due course the steam is t.urned olf and the suspended 
matter allowed to settle. In tho manufaetui'e of a jjroduct 
containing over OD ])er cent, nitrate ami 1 per cent, or less 
of, sodium chloride, the liquor is first run into tanks called 
'' chulladores,” just below the level of the boiling tanks. The 
former are about 15 feet by 9 fe('t, and 9 feet to (5 feet in depth, 
and have a capacity sulfioient to treat all tho saturated liquor 
obtained during twenty-four hours. The time allowed for 
settling is normally from ten to twenty minutes. The ad¬ 
dition of such substanecs as aqueous ammonia, lime water, 
glue, etc., will accelerate the deposition of solid matter. The 
operation is regarded as linished when incipient crystallisation 
of nitrate is observ(‘d on the surface of the liquid. Here a 
further deposition of .suspende<l matter takes place, and the 
clear liquor is transferred to tho “ bateas,” or crystallising 
tanks, where it is allowed to cool and crystallise for about a 
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week. For the productibn of a less pure product the liquor 
is run straight from the boiling tanks to tjie bateas. Views of 
tliese crystallising pans are shown in Plates I and 11. 

The caldo as run off contains up to 80 pounds of nitrate 
per cubic foot; the mother liquor from the crystallising tanks, 
knowm as “ aqua vieja,” is drained away to reservoirs, and 
may contain up to 40 pounds of nitrate per cubic foot. It 
may be treated for the recovery of its iodine eonlent, and in the 
process of boiling the caliche is returned to the boiling tanks. 
Fresh water has to be added to replace thatdost by evaporation 
and leakage, and is also necessary for the final washing, in order 
that nitrate liquor may not be turned to wii«to with the ripio. 
'I'hc total water requirements of an oficina may amount to 
0 gallons per cwt. of nitrate made. 

Sodium chloride is less soluble in hot water than in cold in 
the presence of nitrate, the .solubility di'creasing as the content 
of nitrate increases. 'I'his results in the deposition of sodium 
chloride in the apparatus, and it is attom})ted to localise 
this deposition in special receptacles by forcing the liquid 
rapidly through the connecting ])ipes, etc. 

A cry.stallising tank is formed of (i-iueh iron plate, 25 feet 
by 18 feiit, and 2 feet 0 iiuilies to I! feet tt inches deep. 'Fhere is 
i slope to the b(,)ttom for the ])urpose of draining off the mother 
li Mior when crystallisation is complete. The time required 
for this is about livi^ to six days, and forty-four tanks are 
•equired for each l)aff) 0 ry of six boiling tanks. 'The nitrate is 
dlowed to drain after tlie removal of the mother liquor, and is 
[lien put into cars and tran.sferrcd to “ cauchas,” or drying 
loors (Platelll), where it is allowed to remain further for about 
ivc day,s. Its water content on arrival is about 10 per cent.; 
ifter drying the analysis* of the crystals is: 


First QwUili/. Second QwcUily, 

.Xitrato of soda 
8odium chloride 
■Sulphate of sodium 
Moisture 


* Newton, foe. rit. 


«)-r)U 

95-20 

Owf) 

2-50 


0-60 

2-:u) 

1-70 
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Modern Refinements. —Under modern conditions there is 
no doubt tliat the Shanks process is expensive and inefficient, 
owing to the fact that in the caliclio treated the nitrate content 
may fall as low as 17 per cent., and the insoluble matter may 
be as high as (iO per cent. This results in more water being 
ijjquircd for leaching ])ur[)oses per unit of nitrate extracted, 
and also in greater fuel consumption. 'J’he efficiency of 
recovery avertvges about bO p(>r cent. In some works the 
finely divided material is separated either by flry <!la.s.sification 
before treatment with tin; solvent liquor, or as a mud after 
such treatment. The saturated solution of nitrate is .separated 
from the mud djy allowing Uie mud to settle in tanks with 
conical floors, or l)y liltration. In the Rutters system the 
type of filter u.sed is one having a large number of flat filter 
heaves irnmer.sed in the hot liquid. The solid maj.ter is de¬ 
posited on the leaves by internal suction, and is then detached 
by the application of internal pressure. 

According to A. Allen {Pjikj. Mlniiuj 1017, 103, 230), the 
caliclu' is hanil-piitked and all lines are rejected. It is then 
carted to central loading stations and crushed to a size suitable 
for trucks. 'I'ho caliche is delivered to the leaching vats 
in gable trucks. The vats arc^ rccdarigidar and hold about 
HO tons, Kaeh tank has a filter bottom and is limsl with steam 
coils. 'I'he solvent li(|uor used is the mother licpior from the 
crystallising tanks, and is so circulated that the nitrate content 
of the licpior is gradually enriched by,passage from one vat 
to another. .After tlu^ li(pior is drawn olf to the .settling tanks, 
the vat contents are washed with cold water, and the residue 
left is discharged into trucks and dumped. V'a.st quantities 
of slime accumulate mider the filter-plate of the tanks, and 
this carries away a considerable (piantity of the nitrate. The 
strong liquor is tested at every stag(! of the process with the 
hydrometer. When the density has reached the .satisfactory 
value, the liquor is rlrawn off into settling tariks. and the clear 
liquor is decanted by siphon pipes from these. Lime and 
guano are used as coagulating agents. The decanted liquor 
goes to the crystallising taidvs, where it is allowed to cool. The 
stage at wdiich to decant the mother liquor is ascertained by 
sounding the crystallising tank to ascertain the depth of the 
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crystallisation. The crystals of nitrate are allowed to dry 
and shovelled into trucks and tipped to the sacking house 
The sodium chloride occurring naturally with the caliche if 
deposited to a considerable extent witli the slime in the 
leaching vats, but a jfortion goes to tlu; crystallising tanks 
Approxinrately one-half the nitrate produced is known as 
“ 95 and 1 per cent.” or “ relined ” nitrate. This means that 
the shipped product contains at least !)5 per •cent, of mixetl 
potassium and sodium nitrates, and less than 1 per cent, of 
sodium chloride. , , 

[n the Agua Santa Works the fine.s (II per cent, nitrate 
content) arc mixed w’itli liquoc (l.5(t gi'ainyi«s of nitrate per 
litre) in the proportion of .‘i of solid to I of li()ni(l. The hot pulp 
is then fdtered in the Butters vacuum filters, and a certain 
])ro])ortioji of liquor is extracted in this way. This liquor is of 
varying strength, depending on the amount and the, strength 
of the weak liquor which is used for the extraction, and on the 
))ro|)ortion and richness of thif raw materials usi'd with it. 
T'he lilter cakes are .subsequently washed twice with weakening 
liquors. 

The washing is claimed to be by displacement only, and the 
final wash is done with sail, water (.saturated brine), which 
leaves the eakes with about 0'2.‘! per cent, nitrate of soda. The 
cakes arc then discharged. 

i'he dilTerent liquors (ditniued from each .successive dis¬ 
placement wash arc ujed in the next round, the whole forming 
a cycle of o|)erations. at one end of which the strong liipior h) 
removed, while at the other end the cold brine “ dis])lacemcnt ” 
wash take.s place. * 

As used at present, the Butters process acts in an auxiliary 
capacity to the main Shanks process, and in this capacity 
has attained a certain succc.ss. The whole of the crushed 
product is .screened in order to rinnove 2it per cent, of it as 
lines passing a (i-millimctre mesh, 'f'hese, fines an; treated 
in the Buttcr.s filters, the resulting liipiors being introduced 
into the .Shanks .system, while the eoar.ser material alone is 
treated in the boiling tank.s a.s formerly. 'J’he judicious com¬ 
bination of the .Shanks system, the Buttons fines treatment, 
and the use of evaporators, enables material of 14-5 per cent. 
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nitrate content to be worked successfully with an efficiency of 
64 per cent. A diagram of the operation is shown in Fig. 1 
(see llobsbawn and Grigioni, J. iS'. G. L, 36, January 31, 1917). 

The Gibbs /'roce.?.?.* - 'I’liis is a process of uxtraction which has 
been elaborated as a result of many experiments carried out 
on })otli a laboratory and a technical scale during the period 1912 
to 1917. Reports on the success of this type of plant as 
operated in ('idle vary, but it would seem that fairly satisfactory 
results may bo obtained if the engineering design is on an 
ade([uato scale. • 

The object of the Gibbs jirocess is to procure the complete 



lixiviation of the raw material an<l the separation of the liquid 
from the solid by a process of elassiUcation and partial filtration. 
The purpo.se of the classification is the elimination of the 
greater ])ortion of the insoluble matter from the caliche, washed 
free from nitrate; filtration is used solely as a means of treating 
that ])ortion of the insolubh;s which cannot bo freed from liquor 
by such simple mechanical means as settling and decantation. 

The process docs nol aim at the production of a liquor which 
will crystallise nitrate direrd. but relies on further evaporation 
to produce a complete separation of the salt. 

* Sep paiaphlot by Hob.sbawn and Itrigioni. printpd by tlio South Pacific 
Mail, V alparaiso, l'J17. 
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Lixiviation .—The sands and clays present in raw caliche 
vary both in grain and composition, and the dissolution of the 
nitrate allows the insoluble materials to fall apart, forming a 
inasa consisting of solution and sands, stones and clays. 'J'his 
mass is known as “ borra.'’ 

The Gibbs process of lixiviation is dependent upon its 
ability to separate the small quantity of the elay from the 
stones and sand.s, the result being a coarse product from which 
the liquor may be easily drained, and which it i.s easy to wash 
free from adherent licpior. . < 

By this means, known as “ wet classification,'’ the slimes 
are carried away from the rest, of the soli(] material by the 
nitrate solution, and are r(‘nii>ved from the latter by subsequent 
settling or filtration. The slimes, forming to 14 per cent, 
of the weight of tins insolubles, are the only part of the solids 
that need the treatment of filtration. 

T’ho aim is a di.sintegration of the conglomerate and not 
a grinding of the material. 'I'liis disintegration is brought 
about, together with the dissolution of the soluble binding 
agents, by causing the solid lumps to rub against each other 
in a slowly revolving mill while in the jiresence of the solvent. 
'I’he disintegrating mill merely mixes the solid and solvent 
together, and it is the solvent action, combined witli the 
I ubbing of the ])ieees t(.igether. which brings the ma.ss to the 
state required in the minimum time. The solvent is a weak 
solution of nitrate; tl,ie mechanically assisted dissolution and 
disintegration is quite rapid and complete. 

The .solid may be fed into the mill in lumps, the size of which 
depends on tlu^ original hardness of the inateriaLs under 
treatment. A soft sand^' calielu!, which easily resolves itself 
into “ borra ” on contact W'ith liquor, need not be broken dowm 
in the crushers to the .same extent as one which is impervious 
to water. 

The caliche is mixi'd with warm or hot weak liquor on being 
fed into the mill, the (|uantity and tempeniture of such liquor 
being decided uj)on by the strength of final lifpior aimed at. 
Usually a liquor is produced containing about ir>n gramme.s 
of nitrate per litre at a temperature of about .50° C., which 
conditions arc considered the most suitable and economical. 
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Classification .—In the Gibbs process a separation of the 
heavier and lighter solid particles is brought about by the use 
of a Dorr classifier, a diagram of which is shown in Plate IV. 

The mixture of sands, slimes, stones, and,liquor, in the form 
of a mush, is allowed to nm into the deeper end of the inclined 
tqnk, where the hcaviei’ solids, as tliey sink to the bottom, 
are raked up the incline by the mechanically operated rake.s. 
This heavier mass is drained in its j)rogress to the top of the 
incline, part of which is above the level of the liquor. On 
discharge fryni the classifier it eoidains about 15 per cent, by 
volume (on the dry solid) of adherent liquor containing 450 
grammes of nitratp per litre. , 

The licpior, overtlowing at the deep end of the classifier, 
carries with it the slimt's and sonus of the llnest sands, the type 
of separation being governed by the amount of agitation caused 
by the rakes. I )(^position takes place in a settling tank, where 
a Dorr thickener is tis(al for j)roc.uring the required consistency 
of the slimes. The thickened slimes are withdrawn from the 
bottom of th(! tank and liltered, the liltrate being passed to the 
evaporators. A diagram of tlu! Dorr thickener is shown in 
Plato V. The solids removed from the classifier pass in 
counter-current ti> water through a series of three other 
classifiers, and the liquor issuing from the first clas.siller in the 
series is used for the solution of the nitrate contained in the 
solids in the disintegrating mill, after passage; through a 
tubular heater maintained at the right temperature. The 
solids discharged from the last classifier in the scries 
contain about 15 per cent, of water and practically no 
nitrate. 

The general scheme of operation is shown diagrammatically 
in h’ig. 4. 

Emporation. —'I'he evaporation has been designed to bo 
used as a double, triple, or quadruple effect vacuum pan 
system. 'I'wo. three, or four evaporators, as the case may 
bo, are arranged to work together, oidy one of them being 
a direct boiler steam-fed efleet. 'The condensed steam from 
all effects, except the boiler steam from the first, which returns 
to the boiler, is used to supply the hot water for the lixiviation 
process. 
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in the Shanks process the nitrate solution is caused to 
lissolvc more nitrate from the raw material, by raising the 



temperature, but without (theoretically) the loss of water in 
the form of steam. 
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In tlie Gibbs process the solution is concentrated by the 
direct evaporation of water, and no nitrate is added to the 
liquors at all. The salt is deposited in the evaporator during 
the eoncentration. 

I 

The Gil)bs evaporator has been designed (in conjunction 
with the Kestner Evaporator and Engineering Company of 
England) to handle the problem of evaporating liquors which, 
during the bcvling olf of water, precipitate salt or other com¬ 
paratively less soluble salts. Tt has been called a “ salting ” 
type eva|)orator, and several very large installations of this 
type of (^vaixirator are in use to-day in England, France, Italy, 
and Norway. 

The evaporator is desigmal to act continuously, and in order 
to bring this about the ealandria (the chamber which contains 
the tubes in which the liquor is boiled by steam from the 
boilers pas.sing outside the tubes) is .separate from the 
“ separator,” the chamber wdiich holds the body of concen¬ 
trated liquor and in which the precipitated salt and concen¬ 
trated solution separate by settling. 

These heating chambers are arranged in duplicate or 
triplic*atc- i.n., one separator may Ije connected to one, two, 
three, or even more cahandrias. 'I'lic object of this is to allow 
for continuity of work by slnitting oil' one and working with 
the duplicate, should one ealandria get out of order by the 
tubes becoming encrusted with salts or other solids, or become 
otherwise defective. Tlu^ ealandria is also constructed in such 

form as to allow of easy replacement of tubes when any 
become defective, and of easy washing and cleaning of tubes 
when encrusted. On account of the e.xtreme length of the 
tubes the heating surface is very great, and the liquor passes 
through them, in consequence, at a very high velouity, which 
considerably reduces the chances of incrustation. 

d'he liquor itself acts as a very ellicient scouring agent, and 
help.s to keep the tubes clean. 

iShortly after entering the heating tubes the liquor boils, 
and a mixture of concentrated liquor, precipitated salt, and 
steam passes out of them and enters the separator shown in 
the centre of Fig. 3. In this ehaiul)er the steam separates 
from the liquid which collects in the body of the separator, 
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-ho former being collected tmd removed end used as the 
heating agent in the other stages of the nniltiple-eflect system. 

The separator is designed to be of very large capacity 
compared with the quantity of liquor entering it from the 
calaiulria, so as to bo unalleetod by this in so far as the 
settling of the salts is concerned. That is. the entry of the 
mi.xtnre of steam, liquor, and salt from the calandria, and 
the overflow' of the clear concentrated liquor from the 
gei)arator to the ne.xt efl'ect. can be going on continuously, 



( >» Tfo! r 
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at the same time ])reserving tlie stillness, ncces.sary for 
cflicient settling, in the large body of licpior in the separator 
it.self. 

The salt, which settles in the coned jjart of the separator, 
is removed and w'ashed, and the wa.^.h liipiors arc returned to 
the feed liquor tank, while the liquor it.self is removed to the 
ne.xt stage of the system for further (evaporation or for crystal¬ 
lisation by cooling. 

The mass of crystals and licpior, as removed from the 
separator, will be warm, and before the nitrate can be dried 
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in the centrifiit'al driers it must be cooled to the ordinary 
tcinpcraturi'. For tins piirjiose the mass is made to pass 
tliroutdi a cijiiltMl I'rvolvinn' drum or cylinder, wliicli brings 
about tin,' completion of the crystallisation. The cooled mass 
is fed into tlie centrifugal driers, where the crystals are freed 
fi-Om adhercnl li(pior. The nitrate is then ready for sacking,’ 
and the lirpior which has been removed frcmi it is I’eturned to 
the (waporator, to the high temperatiii’C' elleet. 

This ri(|uor, which passes out with the nitrate crystals, is 
only sulTieiei'it in (pianlity to enabh' the latter to bo handled 
through the operations in which it is further cooled and 
removed to the'cTutrifiigals, 'At the same tiiw' it will carry 
olf in solution not only the small (|nantity of salt which may 
not hav(! been |n'eei|)ita.l<'d during the evapoi'ation process, 
blit also those other salts wliieh will neither jireeipltate with 
the salt nor crystallise with the nitrate. 

in time this liipmr will become ii\ereluirgi'd with these 
other salts, and it will become necessary to subject it to some 
purifying opei'ation which will remove these salts. I’eriodi- 
eally, also, the iodine can be .separated by the means usually 
adopted. 

It will be seen that no liipior goes back to the lixiviation 
section from the evaporation section. 

'I'hc Gibbs process is estimated to be able to recover in 
marketable form !)n jier cent, of the nitrate content, in 
raw material with In per cent. nitr..le content- in other 
words, that the process is estimated to be ltd jier cent, efficient. 
This lignre of On per cent, ellieieney is, of course, based on 
nitrate contents, calculated from delinitely ascertained W'cights 
of raw materials and fi'om analyses ])crformcd on reiiresentative 
samples. 

Kiliidnld G/»iri»c'.s' jiivci ><.■< cj r.riractioii is said to consist 
of “a chemical reagent which ])reeipitales the nitrate without 
the use of heat," a discovery which, it is claimed, “ will not 
only revolulioni.se the prodncti(m of ( liilean nitrate, but will 
also reduce its cost by more than 50 jier eent." Charine 
estimates that w ith the new process the production of lon kilo¬ 
grammes of nitrate will cost lie centavos of Chilean currency 
(about (bid.), not iiwluding the cost of the extraction of the 
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caliche or raw product and other expenses incurred up to the 
time of shipment. The co.st of nianufacture by tlio new 
process will be 80 per cent, lower than by the old method, and 
bearing in mind other expenses which cannot be eliminated, 
the net reduction in cost will be in excess of 50 per cent. 
These claims, of course, are of great interest, but they aYo 
vague in the extreme, and it must not bo .assumed lh.at they 
liave yet been commercially established (see Chem. Age, 
Octobrt- l.S, 1010, p. 505). 

Extriidioii of Iodine. 'I'he amount of .sfidinm Bidate loft in 
(he mother liquor m.ay amount to 0 to 7 grammes ])or litre, 
and iodine is recovered from this by treathifml with sodium 
bisulphite, prepared iiy the reaction between sodium carbonate 
,uid sulphur dio.xide. 

'I'he r('action involving the liberation of iodine occurs in 

(I) X.altr, 1 11,S(), \a.lfS(), 1 IIIO,. 

(•J) 21110., I 5H,S(),,- T., I 5||,,SO, ! 11,0. 

(O) I, i ILO ! ILSO:,- 2111 i ii .so,. 

(4) 1(10,, 1 .'dll .'MT.O ! :!L. 

The iodine sinilge obtained after .settling is pressed in calico 
liags to free ii, from li(pnd. the resulting cakes containing 
7< to Hu ]i(‘r cent, of iodine. The impurities consist of calcium 
sulphate, boric .acid, .silica, and organic matter, d'he iodine 
is yjurified by volat.ili'iilion in iron retnrts lined with cement, 
being conden.sed in specially constructed stoneware pipek 
which allow' w’ater to drain out. It is packed itt small kegs. 
It is reported that, in onler to maintain a high price for iodine, 
only a limited amount of this is e.vtraeteil from thrr Chile nitre 
mother liquor, the rest being thrown away. 

The extraction of iodiiu' is controllerl by a Chilean associa¬ 
tion known .as the ('oird.)inacion rh' N'odo. at ((piiqinr. which 
is regulated by a set of by laws of a, most comprehcn.sivo 
character. It regulates tlrrr sale of iodine (export), the c.xtent 
of the participation of each member in (Iwr s.ales, (consignment 
contracts, arrangement.? with ymiduccis iir other countrie.s, 
and propaganda. 'I'he only competition with tliia organisa¬ 
tion is the recovery of iodine from scawtu d in Japan. France, 
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ScoMaml, Nm’vvay, and the I'nited States, and the Indk (if the 
indine on the market is of Chilean origin {('hem. Trade J., 1921, 
p. 501). 

The Manufacture of Nitric Acid from Chile Nitre. 

•Tile principle of tlui inannfact nre of nitric acid frojn sodium 
nil rate hy I he Itetort I’nices.s is, lirielly, as follows: A charge 



a, Body of n'ti>rt. contiiiuitiu chiiruf;/», chai^iiiu tnaiiliolr; r, exit for vapour 
acid, \vitli gias.s “laiitcin" for obsci \ at ton; il, rnn-olT pipe for fused 
nilfi' cake after di.>( iilat ion, 


of about e(|nal wi'ighls of drieil Chile nitre and coneentrafed 
snlpluirie acid is healed uniforndy in a large east iron jiot, or 
“ ('('tort ’ (Fig. 4) provided wit h a manhole for charging, an out¬ 
let pipe above for nitric acid vapour, and a run-off pipe below, 
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which is pliijigcd (hiriiij' (lie itistillation, from which the fusei 
residue of “ nitre cuke " in tlie retort is diseluu'eed after flu 
exiiulsioii Ilf acid is l•()mph■te. Thi' chemical reaction is in 
follows: 

(I) NaXtK 1 H,SO, NallSO, , 11X()„ 

f-oiliinii Milplniri'- M'lliiim iiilric 

tlillhitc luil acitl 

{■2) XaXO, i XallSO, Xa.SO, j ILXO, 

Muliuni 

As sodium sidphate is not \erv fusiMe. and as the seconi 
reaction is complete only at hiyh (em|ieraluri's. when luuel 
of the nitric acid is decompose*l, it is iisuaf in |U'actii'e to aiii 
at ]n'oducino about ei|uimolcc\ilar pi ojioiU ions of sodiiin 
.'ulphade a-nd bisulphate, known a-; niti'e cake. 

The nftric acid \apotirs from I lie l■cto|■| are, condensed b\ 
cooliny. .Many ty[K's of conden.-inu apparatus are in use 
Slimi.'ware or " vifreiisil ' coils, oi' W'oulfe s bottles (l''io. a), 
are used, but, are fra.eile and e.\|iensive. .\nothei' t\pe is tin 
Hart condenser, eoiisistinu of a. number of hoi;/ontal tube;: 
between two verticil " headeis the vapour passes (hrouLdi 
the lubes, which are cooled externally by water (l■'ia. (i). 

Some of the nitric aeiil is always decomposeil by the heat, 
into o.xide., of nitrooeii forming red linnes. These are ini.xed 

nil air. and coudensed to weak nilrie acid in absor|)(ion 
t,avers placed after the eoii'leiiseis (fiy. a). These fowers 
arc' [lacked with [lolfery balls or other lilline. and water i,s 
circulated over (he [lackiny'. 

I)ecoui|losilion is minimised in the \alentiner a|i|iai'atus 
(Fio. 0). in which the distillation is eairied end, at a lower 
temperature under reeluce'il [iressure (sec W. .Mason, Clif.tii. 

Itioi, vol. tiit. [I. 717). 

The following details refer to the- firocess emiiloyed at 
II.M. explosives Works, (ire'Ina. eluiiiiy lull).* The sodium 
nitrate' was heated with sulphuric ae-iel in iron ri'torts by means 
of producer gas. the nitric acid being elistilleel olf, coiideu.scd. 
and collected, leaving <1 residue of nitre cake, a mixture or 
compound of sodium sulphate, .\ii_,.S<.) 4 , JimJ liisuljihate, 

* Worden, " 'iVehnology of Uelfulosc KaUirs,’ \e,i. i., part 2. Jaiudou, lil2f. 
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(allSO^. This was ultimately nm out of the retorts ant] 
olloeteil. Nitre st(jcks were i)ruii"tit into sheds l)y railway 



ars, dumped out of the bags ou to the door of the shod, and 
rucked to the drier and the acid retorts. 
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'I’wo clriors were provided for tlie nitrate before use in the 
retorts, driven by two 20-b.p. inotor.s. 'I’he wet nitre was 
eriished l)etween two rollers .set I incli apart. A Inieket 
elevator delivered^ tlie wet nitre into a Cuininer driei'. eon- 
sistiiie (jf an iuelined nwolviiie cylinder li,\<Ml in tlie line of 
a coke furnace. The wet nitrate uas fed into the liiehcr end. 
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J>. \'ct't if.ll " ll'-.l'l-l ' 111!" 11’ I liil.ll IDM' . ill wllli 11 .in- til I<’(1 ; , 1, I ll'“ Ctlll- 
ilnii.scf tiild'S nI mi' utli'-r i ii. tl 'i i.i I): h, ,1’ 111 ii'rfiv ri'; h. iiilfl for 

iicitl \tijtt.iiir to l)<t I'oiitli'ii'''’'!. 

aiul. owiiit' t<» lilt' iiK’iiiialioii und iDturv of (lie drior^ 

was carried through thr. hot i_\liinior iti a direction ojiposifo 
to that of the liot ga.'C.'. 1 h<-. diied nitre was delivered from 
the drum by a bucket elevator to a storage bin having a 
capacity of tot) tons. I Ik- l)ottoin of thi.‘ storage bin. fitted 
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with .six discharge chutes I foot square, delivered the nitre 
into hogics, p.assiiig over a wciglibridge, and the contents 
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adjusted to Id cwt. dry nitre per wagon. This was taken 
to the retort house and raised by means of iin electric lift 
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to the retort-charging platform. Two 9 feet by :!o fed boih'r 
tanks!, elevated on brick ])ier.s, weri' ])i'ovid(>d for storing 
sul|>!jni'ic acid. From tbe-e t;iuks the :ii id Unwed by gr:ivity 
into .the retort bowse iind eommuni<‘:ited with tbi' suipbnrie 
aciil teed tiinks, one of wliieb wsis allolteil (o each I'etorl. The 
retorts, built in sets of three, were gas tired from the side 
nearest the condensers iinil ta.|!ped fi'om tbi' o|)jiosite side. 
They were eom|)leteiy enclosed in brickwork, •e.vcepting the 
eba,rging lid. Immeiliafely behind the I'etorts. .and about 
1 foot above tlie briekworl; top. w.is a di'cl pla^e eiiarging 
platform Ciirrying the fiogie tr.aek' fi’ojn the lifts from wiiich 
the cars of nitre wci'e I'oiiN i'yeil ;o I hi' rctoi'lei.* The i'etorl. of 
cast iron, consisti'd of a lowei' portion. e\lindi'ic.d in shape, 
with a ronndi'd bottom, and a. cylindrical e.xtension ring 
liii inches Jiigb, the two pa.rls being joined b\' a. rnsi joint. 
The lid was very siigiilly dome shaped, and lilled into a. eollar 
in the I'.'ctension ring, eonneelion bi'ing made by means of a 
rust joint. rhi* lid h.'id .'I lai'ge hoh.' about if leet N inches 
iliami'ler, lo which was bolli d, by means of lifleen I inch bolls, 
the iron easting which emi.odied Ihi' ('ha,rging manhoh'. wliieb 
is closed liy a lid, and I he s inch dianicicr circular liole into 
which lilted the uptake lo Ihe condensing sysleni. The total 
capacilv of the retorl w.is abonf Ilf tons of water. This size 
was suitable for Ihe dcioinposii ion of ;f Ions of nitre, ,\l IIk' 

' west ('lid of till' I'l'torl Wits a J inch outlet for I he fii-eil nitre 
('ako. 

• 

rile eondensi'r pialform consislid of an nppi r and lovvi'i'" 
df'ck. the upper det'k serx ing to support tlii' (amih'iisers and 
the fume main, and the lower (h'ck to ('arry IIk' ai'id mains. 
The eondens(W (U.'i'k w;is built of wood or of sti'cl and acid- 
resisting firiekwork. The ri'ceivc'r platform was sU|)[)orted 
on acid-ro.si.stiug brick piers, 'fin' iipla.ki' from the r('tort 
was of S-ineb acid ri'sisling Narki nietal (an alloy of iron with 
about la per ('enl. of slli('on), and ca.rrii'd up vi'itii'ally about 
■1 feet before bending ovi'i' In connect with the easi'adc', wbiidi 
was sloped down at an angle of .So degrees with the vertical, 
i'be cascade was built of straight |)ipes of Ceratberm, an 
improvement (.m pottery ware. The fume jrisseif from the 
easoade through a bend into Woulfe’s bottles, the first of 
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40 gallons capacity, the second of 15 gallons capacity. From 
this l)ottl(! the fumes passed into tlie lirst headers of the first 
two Hart condensers arranged in parallel. Each of these sets 
consisted of twenty si.x tubes, 0 feet (i inclves long by I j inches 
diameter. The tubes were sloped, so tliat any condensed 
i|/eid rail bach to the smaller bottle. .Xiiy uncondensed fume 
passed from the top of the rear headers into a fliird W’oiilfe's 
bottle of 10 gallons ea[iacily. thence into a third Hart unit. 
In this unit the gases were drawn up from the third bottle 
through one half of the tubes, which sloped in the same way 
as the other two sets of tubes. .\ny acid eoiidensiiig there 
fell back into the to gallon bottle, thence to the .strong main. 
l''rom the lower set (d lil'teeii tubes fumes passed to the upper 
set of eleven, which sloped in the opposite direelion. _Aiiy 
.gases escaping eoiideiisalion travelled into the fume main, 
which e.onneeted to the lowin' system. 'I'he condenser tubes 
were covered with s|)oiige cloths, which distributed water 
evenly over the surface, of the tubes. About 2.000 gallons of 
water were run down a set of tubes per charge. The sui'faee 
area of the glass condensing system (three sets) was I 5!) sipiarc 
feet. The average loss of acid was to pounds per house 
per day. 

The acid mains, :( inches in diainefer, built of 2 feet to 
2 feet (1 inch lengths of earthenware pipe, ran the entire length 
of the house, supfioi teil on brick arches on a platform below 
the eondeiisei's. Each condensing set delivered into the mains 
by branch pijies. The strong acid main connected with a 

inch eartlienwarc pi|ic at thi' back of the strong receivers, 
with branches to tilirei' 2 inch lead cooling coils. 'I’he weak 
acid eoiitinued along the |ilatform and outside the house to 
the weak receivers. Eight branch pipes with .suitable earthen¬ 
ware cocks connected to eight, receivers, reserved for weak 
acid. 

'I'he eoiioentrated acid receivers were built of 2o pound lead 
in the shape of cylinders. ,s feet :i inches diameter and lit) inches 
deep, each receiver having a capacity of about 0 tons of strong 
nitric acid. A man-lid and a t inch dipping hole were pro¬ 
vided in the top of each receiver, the former being permanently 
bolted on, while the latter was covered by a lid fitting into 
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a lute containing a little vaseline. Thu outlets frcjin the 
recoivcr.s were 2-inch earthenware cocks, connected with a 
l-incti lead main to the mi.xing .--tatiou. 

Ten receivers wiwe provided for wssik acid, tw'O reserve<i 
e.xelusivclv for tower acid. They uere of earthenware, of 
lUU gallons capacity, and of eyliiidi'iea,l sliapcc T'lie lid was 
.separate and jointeil with asbestos jointing. 

'I'he exit from the tidrd Hart unit of each coiHK‘ns<‘r .set con¬ 
nected willi a large S-inch ('arthcnware fume main which 
pas.sed along each house. A main .if tlie nunc siz*' branched 
off to the absorptioii towers from the middle of each hou.se. 
To the lirst main was connected.a smaller lljiyii main which 

served to exhaust the rccciM-rs by means of branches. The 

fume main was built on a sligbt slope, so that any con¬ 
densed acij. ran to the lowest point, w hei’e it was drawn olf to 

receiters. 

The K inch eartlumware mains were larried outside the 
Ileuses on W'ood trestk's to the absoj'fition towe-rs. there iKung 
two sets, each of eight towers, one .set being connected to 
each house. The townrs were elevated on brick piers 12 fet*t, 
high. The towers were of stoneware, and consti'ui-ted in live 
circular sections, each •'! feet long by .'1 iect diameter. 'I he 
eolumn of live sections rested on ati (‘arthenw.i.r(.i saucer 
b inches deep, having a.n internal di.i.nieler of .'{ feel, b inches. 

• lie bottom section bail a b im h side |ii|H- to cnnnect the gas 
inlet to the fume ma.in.. 'the tower- were packed with graded 
(|Ua.rt/,, resting on a tiled archway built in the saucer to give 
easy access for the fumes. The size of the cpia.rlz, |ia,c,king 
varied from (i inches at the bottom to 2 iniiies at the lop. 
At each section of the joints there was a 2 inch jierforated 
plate with l-inch boles, 'the saucer at the fool of the 
tower was titled with a 1 inch cock which delivered the 
weak acid into a constant level leceivei’ situated just 
below. .\t the to|) of each lower was an earthenware 
acid-distributing bottle known as a "beehive, tilled with 
four 2-inch bib cocks. Two <.if these delivered acid from 
the beehive down the tower. 'J'he other two enabled acid to 
be forwarded from one. tower to another tlirough l-inch glass 
pipes. 
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Pohle <aii' lifts or acid elevators were used for lifting the 
acid from the constant level rccciv(;r,s to thi‘ to])s of the towers. 
The gase.s conveyed along the fuini' main entered at the foot 
of No. I tower, u’ci'c drawn through the. tower, they left by an 
S inch n iHsid. and were conveyed to the bottom of the second 
lowci', and so on through th(‘ series. The. absorption was 
carried out. by eoiiuter-eireulation of absorbing liquid (water 
or weak nilriV' aeiil) and (In' nilroiis fumes. Air at 1.') pounds 
per sipiarc imdi pi'e,.,sure w.is supplied (o (In^ glass air f.\d)e, 
ami a. cord inuous«bu( ji'i'ky lift (jf acid to the' beehive on the 
top of the tower m.aintained, 'I'lie <'ompressecl air served 
two purposes - viz,, to elcvt'le (he acid fiajm t In’ bottom to 
(he top of (In’ tower, and .dso to o.\idis(’ (In’ X() passing 
through (he towel's to which in I’ontact with 11,0 and air 

forms llXO.yL’XO, ll.O , () '.MLNO,,. 

.\ .'!o inch dia,meter fan. ili'iven by a In b ]i. motor, caused 
a blast of air to be dri\en through an cart In iiwai'i’ injector. 
The siielioii pipe, also of eai t henware. eoniimnhi’atid with (he 
gas outlet from Xo. ,s tower. by this means a 'vaetium of 
ti inches water ,gaug(’ was produced on Xo. s tower, ami drew' 
the gases Ihi'ongh the ,s\stem of towers. 

Liiboiir foi' two ail joining retort, hottse.s, each 

containing twenty four retorts; 

f’cmalc Labour (niti’ate of smla handling): Si.xteen girls 
))er shift engaged as under: I ehaigi’-hainl; ,'! girls picking 
down nitre; ti girls tilling bogies ainh coin eying same to the 
drier; ,'i girls leeding driers (I spare); i girls r’ouvi-’ying 
nitre from dry bins to hoists; I girl cheeking wi’ights of dry 
nitre. 

In addition to above girl truckers, g’ dip or receiv'cr girls 
|)er shift were I'mployed as process workers. 

'I'otal fenude labour per shift; IS ])er house; total for day, 
.'ll girls. 

Male Labour: One forema.n pi’r shift; i! I operatives per 
shift. 

The various process operatives were classilied, and the men 
carefully selected for their respective, jobs. The senior procc.ss 
man was the reaction man responsible for a series of twelve 
retorts and his duties were— 
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(I) Riinninti tlio charge cif siilphiiri<’ acid into the retort. 

(L‘) ('ontrolling the di^f illal ion. 

{.'!) Atteiuling to gravities of tlie nitric aeiil. 

(I) Seeimr thaf lii.s sm-tion was kept clean and ti<!y. 

(5) Controlling eondenser.s (clolhs and water), lint, not 
the re]ilaeing of broken tnbes. 

Tapping Retorts: 'I’wo men provided in each house, their 
work being to einjity the retort of its nitre cake. They were 
responsible for all pings being properly semired before the acid 
was run into the retort. 

Charging Men: Two pi'ovideii; (heir work consisted of 
liringing the nitre along to the n'tort nmnth, enijitying it into 
the retort, eeinenting ii|) (he lid, and generally cleaning ii]) 
(he retort top, 

Condensi^' .Men: 'I'wo men cngageil attending to condmisi'rs 
generallv, replacing broken tubes, and patching and over 
hauling eondcnsiw standards a.nd joints. 

(iranni.ating .Nitre I'.ake: Twu men per shift riMpiired. 

.Nitre Drier: One man per shift reipiireil for driers, who .also 
.■ittcndcd to tarring and greasing ol all bogies 

laimp Cake: Thi'ee mc!! engaged on tlii' removal of lump 
nitre cake to (he wagons which ran alongside (he pans. Oim 
senior charge hand provideil for each shift. 

.'snmma.ry of Male I’roccss l.abonr: t)ne senior ( barge hand: 

I reaction men: t tippers; I charging men: I man in (diarge 
of nitre drier: b men di*|iosal of nitre c.akc; g’ condiaiser men; 
total, g| men per shift. The foreman w.is genera,lly resfion- 
sible for the running of (he pl.int and control of the labour. 

.tlaintisnanci' of Laboni': The wear and tear on a plant of (his 
kind is natnr.ally great. .V gang of carthcnwiu'c pipe jointers 
was engaged on the nitric acid subsection. I■’il(ers were also 
available for engineering troubles, and also plumbers, but. 
none were permanently on the reloi l, stalf. 

.\ttached Labour: The lires were controlled, under (he 
orders of the reaction man, by a man sup|ilied by the producer 
plant. Two firemen [ler shift were jirovideil for (h(( two 
I’ctort houses, .\nothei' man belonging to the acid uii.xiug 
station sup])lied the sulphuric acid for the two retort hou.ses. 
Plant Operation .'sampling of Nitre: The crude nitre was 
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sampled weekly. When samplinc'. about 2u cwt. were 
generally taken down, lialv('d and ((iiarlered in the usual 
way until 2S pounds were olitained. The following is the 


average aitalysis of tlu‘ sodium nitrate 

/Vr 'cnf. 
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This was usually ilried so tluit the linished sample contained 
((•r> ])er eeid. mbi'slure, this us'ually bringing the nilrate, content 
of the sain])l(! to !),s per cent. 

Usage of Sulphuric Acid; In each retort. 2 tons of nitre’Acre 
distilled with .ippi'o.x-imately 2 tons of !I2 jier ceid.. sulphuric 
acid. 'I'lie following are the .aetrua.l ligures; 
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I'Apei'inu'ids were maile under varying eonditious to deter- 
miiu' e.vaeth' the eoal consumption. The avt'rage ligure 
recorded was Oo.OOti cubit' feet of gas ri'duced to normal 
temperature, for a charge of 2 tons of nitre, which gives 
Ut:! tons UNO,. 

1 ton >>1 oOtil 'iivf'.'? unhif ft't't of irn?*. 

I uluitot' HSUS tuliiu fu.'t gji<. 

Hollrt* 1 tt'H US»‘S Cllliic fct-l of L-Uis, 

to 0-14 Ion fuel per ton 11 X 03 . 
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After the acid had I)P('ii adde<l and the plntr luted down, 
lh(‘ lire was started, urdess the retort uas very hot, in which 
ease it. was advisahle to wait for a sluji't liiii(\ SidVieient lire 
was put on to niakf distillation <'oininenee in ahout one hour. 
If the retort he cold iinieh lonyer will he rei|nirpd" up to three 
or four hours. 

For oi'dinarv runnine a fourteen to si.xleen hour cycle was 
the most usual, with a distillation limi' of lw(‘lve (o fourteen 
hours. As soon as a retort was warm, a little, brown fume 
apjieai'cd in the condenser I (dies. 

W h(‘n till' ■' pot " reaidi(‘d a. teniperature of 1 I a ' to I L’o” 
the reai.'tion'between the sodium nitrate aflif Ihi' sidphurie 
acid Ix'came violent.* The pressure in the retort- ro.se. At- 
lids stae(‘ it was usual to draw the lire while the violent reaction 
was in (iroaress, loaMiid ilainaye to I In' pottery. 'I'his ('('action 
Listed from live to twenty minutes, depending largely on the 
speed with whieli the pot temperature had been raised. 

I'rom now onw.'irds the speeitie erax ily (sp. yi'.) ol the li(piid 
distiliine was la,ken exery hour by the "reaelion mail.” 
W hen the s]i. err. of the di-lillate fell to l•lli,■i the acid made 
was run to the wi'ak acid reeeixers: till this |ioinl, it. had been 
riimiine into the sironiy receivers. The (listillation was now 
steadily eontinned till the s|i. yr. of the distillate reached 
■•'tIO; then the lire was e.\lineidshed. and llii'i'e was sidlleient, 
h( it in the charee to linish the distillation xvhile jire|iaratioiis 
were niaile for tappiiie., 

Duriny the process of distillat ion the bulk of the acid was 
condensed in the lirst two headers of Hart tubes. A small 
quantity eondeiiseil in the third set of tubes and this iisindly 
contained npxvards of a per cent, of nitrous acid, rneon- 
densed ya,ses jias'cd to the fume main and (o the ab.soi'])lioii 
lowers. 

AhsDYption of X/lroHs fioiii I'o/o/i;e.srr.s. t'old xvater 

was fed into No. .s tower (neari"'l the ('•xhausl). and the .yineli 
cocks on the beehive so adjusted as to eixe a progressive 
movement of acid throuyh the sxsiem. Acid of between 
bn and b.") per cent, strength ran oil at \o. I lower, and was 
conveyed to the .storaye by means of a iie h pipe. 

• S«i Webb,./. .S', a. /., 1 : 121 . 212 T. 
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Capicily of Plont .—Assuming twelve liours as the lowest 
eyelo consistent with cilieient condensation and few breakages, 
wo have 1-40 tons UNO., from a charge in twelve hours. 
Allowing two hours dead time, the balance of the working 
day of twenty-four hours will give 1-lG tons nitric acid. 

. 1 -4 1-1 • 10 -2-56 tons UNO;, per retort per twenty-four hours. 

Each house contains twenty-four units, two of which were 
generally bein^ repaired: 

24 - 2--22 X 2-=44 x 2-r)0 = l 15 tons IINO^ per day. 

The quantity of NaNO., used per ton UNO;, prodiiced was 
about l-.'t!) tonij.. 

'I'lie following nas an average percentage return for nitric 
acid: 

KocovomI iiH stron;^ at i«l, H7-2 (stnuigtli, 02-r» |it‘r cotit. 

Kcoovorod as weak aoid (t'.r towers), 10*4 (sfreii<'l h, per eeiil. JfXO^). 
I<e(“<)ven‘(l as towi'f arid weak, 2-4 (slrenj'l li. ;'>(>•■> p<T eeut. ITXO.j). 

Nitric Acid (North and South Monthly Report. 

Five weeks ended 7.20 a.m.. March 2, I5M8. 

All weights in tons of 2,240 p<aifids. 

Total nnndxu'of retorts ehaixed. i:kS[ wet, drj'- 1,4'J8. 

Total nnmlxu' of retorts tapped, loO.’i 

Sodiiiin Nitrate: Chari.^ed: 

Anumut wet. 27() ri Ions. N'aXd., 9trfi jtcr cent, as IfXO.^, 197-97 tons. 

Amount dry, 2719-0 tons. XaXt >.j 98-41 per rent, as IIXO^, 1982-58 tons. 

»Sulpluu’ie Aeitl: 

Amount, 201t5-52 tons. H 2 SO 4 92 per eeut. as HoSOj, 2849-44 tons. 
(Wl used in [imdiieers, 

4t>I'r>4 tons. 

Nitric Acid Produced: 

Amount strong, 1980-07 tons asTlXO.j 92-4 per cent.; as HXO^ 1825-62 tons. 
Amount weak. 280-19 ton.s as ifXO^ 62-75 per cent.; as llNO.j 242-38 ,, 
A’.r towers, 106-67 lon.s a.s HNOg 59-7 per cent.; as HXO 3 .. 62-67 ,, 

Total ,.2141-67 „ 

Total HNO^ eliarjred to plant as XaXO.,.. .. 2181-55 tons. 

Total K NO.; recovered. .. 2141-67 

Unaecounted for at mixers .. .. .. ., 20-71 ,, 

Total amount lost .. .. .. .. 60-59 ,, (2-78 

per cent.). 

Time of distillation.U hours 42 ininutos. 

Time of eyele .14 hours 48 minutes. 

Nitre ('ake: 

Percentage free lf.>80.|: 28-42 jier cent, by analysis, 21-45 per cent, by 
calculation. 
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(‘oal used per ton of acid recovered .. 

Coal ust'd per ton of ffXO^ .. 

Nitric Acid: 

Average strength of acid recovered .. 

Tons produced per retort 

Percentage r«H;overed as strong acid .. 

l^crcentugo recovered as weak acid .. 

I'eivcntage of weak aei<I recovered in toaei 

Total recover}'. 

The Chile Nitrate Industry. 

Befon' the war practically the whole of the woifiT's reijuirc- 
merits in respeet of eoinlhneil nifropen in the form of nitrato 
were met l)y the exportation of*soiliiim niti’atc from Chile, 
and the priee of this prodnet has liilherlo froverned the market 
price'of eombined nilroeen. 

The ('hiloB.n nitrate industry is of about a century's standing, 
and has been characterised by a steady rate of expansion. 
By tlie middle of the nineteeenth eentiiry tlie exports had 
attained a figure of about ion,non tons per annum, wliereas 
file shi|nnents from Chile in the year ])rior to the war (IDl.'i) 
amounted to over 400,000 tons. 

OiilpiU (iiid Marl'd J’ricr,^. 

Exportation from Chile may he said to have eommeneed in 
IHi’O, 'I’he following export, ligures are given by ,\ewtoii 
{J. ,x' I 1900, 40S). eo\ei'ing the lirst seventy years: 

Vriir. I /‘rlrr jn'r Tun in March, 
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tn 1.S79 an export duty of about sevmdeen .shillings per long 
ton was imposed by the Cliilcan (iovernment. 'Die following 
* War between Chile and I’eru. 
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year this was raised to three times that amount, and has 
remained at that figure ever since. 

The scale of production during the years 1903 to 191? and 
the corresponding average annual market »prices of nitrate in 
the United Kingdom are set out in the table below. 

• Prices became irregular and merely nominal at the beginning 
of December, 1915, and remained so until about Eebruary, 
1919. Py .la'nuary, 1921, freights for (,'hile nitrate to the 
United Kingdom had droiiped from the war figure of £10 per 
ton to £3 .Is. per ton, but the price of the product in England 
was maintained at the high average of £22 Ms. for January, 
1921. In Jandiwy, 1922, the price had fallen to £14 5s. per 
ton, f.o.b. Eiverpool, for 90 per cent, refined nitrate. 

(Il'TIM'T "I- Cim.l' X]Tll\TK. 


Prolinclion. 


1 S.I.O- 

I H ixi fUisii <’/ 
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1020 ( 
(2n(l half I 
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l,121,5SO I 
I,,5i:i.l20 
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1.6,58,826 
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4.57,010 
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* Fijtiiros supplied by tlio Cliiloan Nitrate Committee. 
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World’s Cousumplioii of Cliih; Xilrolc. 

The following figures have been giveji for the total con¬ 
sumption of Chile nitrate in dift'erent countries during 1911, 
1919, and 1913: 


Woiii.ii’s CiivsrMi’Tros (if Ciui.k Xitkatk. 


in Mctiir 


Coii/ifr//. 


• 

• 


MH 1. 

lUI-J. 


(.'ernumy.. 

T-I.'i.IlL* 


SXt.112 

UniU'd States 

r.(bS.i;{i) 

■m.oi7 

5,S‘M87 

Fraud' .. 

dds.TiM*. 

:k>i,r)i7 

:i27,ll>2 

Rclllinm • • , • • 

:{(»:kTSo 

:in'j,si7 

:Ms,.5!r) 

Holland .. 

11 

I.SOd>24 

h;4,r)02 

rniti'd Kingdom 


■ i;i7.no 

I28,5«l 

liuly . 


11.54,7 

.51,0‘M) 

I'lr.vpt. 

iD.mH 


25di:{S 

Sjvain 

K.tlTT 

n.554 

1X15(1 

Aiistna-Uungaiy 

o,2s! 

7,114 

7,445 

Denmark .. 

d.I.'kS 

4,SL>5 

10,74S 

Switzerland 


5. inn 

' 

DUier Countries. 

77.t)71 

lio.VK) 

H7,2:J3 

'I'otid 


i 2,5:m,(H5 

2,55(1,1)73 


Stalislifs from “ I’roilucliou it (’oiisoiniiiatioii il«*s I’jij'riiin Cliiniiijuos 
i. 'js Ic Momlc,’' lustilut Intcniatioiia! d’AcniVulliin*, Itomc, also 

iii.'iitlily linih'dn of .{(jrit'iilhirfil InleHi<ii-ii<‘f anil Phinl International 

IfMlituto of A^ricnllnre, Roim , ^V;l^ Ti, No. ‘I, Se|»tcml)er, HIM. 

from 70 to .so per cent, of the tolal ennsuinjition of Chile 
nitrate was therefore accouuti’cl fur by the rerjuirements of 
Germany, the United States, France, and Belgium alone. 


War IiiJliiKiicit. 

Great developments in the Chile nitrate industry were 
brought about b}’ the war demand, and on .aceount of tin; 
isolation of Germany and her allies from overseas supplies, 
a striking readjustment as regards the prineipal consumers 
of Chile saltpetre took place during the war period. 

The statistics are necessarily ineom|ilete, and are to be 
regarded only as a fair approximation. The folli\'ing table 
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gives information relative to the production, consumption, 
exports, deliveries, stocks, etc., of (,'hilo nitrate during the 
period 1913 to 1919. 

The production in 1917 and 1918 was higher than any 
previously recorded, and it is apparent that the loss of the 
German market was more than counterbalanced by the war 
demand of the Allies and the requirements of other countries. 
On tlu? other hand, there was an increasing accumulation of 
stocks on the Chilean coast, the shipments to the American 
and European markets ha\ing been hampered by<the lack 
of tonnage and the great increase in the cost of freight. 


WoKMl’s ('eSSl MITSlN OK ('llII.K iNlTU.d'K untlNd TIIK W.VR I’EKIOD 
(I'.lll liM'.l) I.N .MI'TIUC 'I'ons. 
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_ ...... 
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U.S.A. 


704,581 

.257,075- 

,507,077 

1,075,825 

500,611 


297,180 

251.008, 

510,700 

455,(>()-l 

250,572 

150,100 

Bul^iuiu .. 

laH,182* 





79,200 

}foi)anil .. 

149,807 

50,857 ' 

00,877 

55,801 

1,128' 

151,501 

rnited Kingdom 

:{57,28l 

;u;s,920^ 

(14,004 

217,180 

.554,700 

21,878 

I taly 

r»9,8.70 

71.750 

S5,l>10; 

104,150 

07,012 

12,808 

Kgypt .. 

rt2.:i2r. 

55,075 i 

10,550 

52.002 

2.888; 

51,408 

S])ain 

:U),082 

58,57(>, 

41,751! 

52,524 

18,751 

58,250:1; 

Denmark.. 

42.r)02 

12,058: 

54,018: 

50,000 

110 

48,108 

Swit-zerlaml 

2,280 

109: 

545; 

25!1 

541 

1,078 

Norway .. 

r>(io 

54! 

0,420c 

45 

"i 


.Sweden .. 

41,t)07 

55,008' 

50,500 

17,170 

0,705! 

25,212 

UnwHia 

,^»:k982 

:u.i2(»' 

55,121' 

2l5t 

1 

1 


Jajian 

24,425 

50,211 

10,021 

55,08(1 

IS.OOOi 

05,706 

Australia.. 

:i,42o 

5,4.50 

5,700' 

8,100 

2,755; 

1,0.55 

New Zealaml 

415 

827 . 

1 Ui 

057 

207 I 


Canada .. 

12,505 

20,541 

44.000 

20.042 

47,170 

4,121 


It is quite clear that the industry will have to reckon 
with the ])ermanent loss of at least .a portion of the German 
market, owing to the development In that country, under the 
stia'ss of war necessity, of an important .synthetic nitrate 
business, which i.s now' available fur peace time production. 
Against this, however, must he set the fact that the position of 
Chile nitrate as a fertiliser is established and proved, and the 

* Six inf 'nths. t S<‘vca mouths. J Klovca montiia. 
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only factor which can jeopardise its continued worldwide use 
is the price at wiiich the product can be marketed, in com¬ 
parison witli synthetic material. 

British hn,ports of Chile Nilmle. 

' 'I’ho mo.st essential of all nitrogenous products imported by 
the United Kiygdom is undoubtedly Chile nitrate, and although 
statistics arc not available as to the precise relation between 
the agricultural and industrial demands, there is no doubt 
that agriculture claims the major portion, at least in so far 
as concerns pre-war allocation. 

The Chilean Nitrate Comniittee estimate this fraction as 
two-thirds of the whole, and other authorities rpiotc 75 per 
cent, of the world's con.sum()tion as being put to agricultural use. 

The requirements for industrial inirjiost's arc mainly in 
connection with the manufacture of nitric acid, sidphuric 
acid, and potassium nitrate. These industries, of course, 
accounted for the largo increase of importation during the 
war period. 

IJUITISII iMPnitTATIIIX OF Cim.i: XlTR.ATK. 





, Ab Co)i(hi/i(d S'ifnxjoion 


Year. 

Chile Nilralc. 

' of a iXi/roijcn Conlcut 

; Ilf I5‘05 ]>er < 'eiil. ( 05 per 




' CenL PurUif). 
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Jlcirir ToV'^i. 

i!iu:! 


] 10,715 
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I!»U4 


12(),52(> 

' 111,1(10 

I'.iun 
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1000 


108,480 

17,250 

1007 


113,804 

18,110 

1008 


145,724 

, 2;{.170 

1000 


00,207 

14,1140 

lOlO 


120.408 

20,110 

1011 


128,487 

; 20,4110 

1012 


123,580 

19,650 

1010 


117,805 

18,745 

1014 


351,031 

.55,999 

1015 


410.520 

110,227 

1010 


108,800 

(15,014 

1017 


248.100 

89,462 

1018 


520,300 

811,682 

1010 


100 .200* 

31,211* 

1020 


00,007 

15,895 


'tutiou, 24,485 tons; war stock sold abroad, 220,784 tons. 
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The enormous increase during tlic war period is evident, 
the total during 1!)1S amounting to more than four times tlio 
averiige pre-war figure. ' During tlio war perioil most of the 
Cliile nitrate impwrtcd was diverted to war purpo.ses. In 
for c.vample, the net importatioji for fertiliser jnirposes 
was only .‘tiH) tons, as compared with I.)'>,(),si tons in l!ii;l. 
in l!tl8 the nitrate imported for munition ))uri)o.sos was 
,5:ll,t0(» ton.s, as compared with lM):>,g(io (ont^ in 1914. In 
1920, of the total importation of 117.170 ton.s, 17.509 tons 
were re-exported. 99.9ti7 tons used for feiiilise« and none 
for munitions. The situation during the Wiir period is .sum- 
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e (!ov 

ernmeut durin 

• 

i; ih('. war 

period with regard to the 


requirements of niunilious anil food (ferlili.sers) may find thi» 
table instruetiv'e. In e(.)nneeti(tn with fertilis(‘r rf'quirenients 
it niu.st be noted that t)u.5 produelicjii of ammonium sulphate, 
the only alternativa; uitrog(Mi fertiliser, iliiring the war period, 
showed a considerable decline as compared with the produc¬ 
tion in 1913 (see p. 123). 

77/c ICcinxHiiu's of Ihi- Xtindc Indunlyy.* 

The two most important aspects of the Chilean nitrate 
industry from an economic standpoint are those, relating to 
(I) the period during which the deposits will repay exploita¬ 
tion, and (2) costs of pnaluction and marketing. 

* Sec Final KeiKirl o£ the Xitrogoii I'rudueU CoiaJaitUic 11120. 
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1 . Life of the Deposits. 

Various estimates have been published from time to time 
as to tlie probable life of the caliche deposits in the face of 
the rapidly increasing demand. 

_ (1) According to a statement published in The 7’jwcs Finance, 
(lommerce, and iShip()ing Sup|)lement, November 22, 1913, 
and issued by the Chilean Nitrate Committee, the following 
facts wore given by Schor Francisco J. Castillo, the Inspector- 
General of .the Nitrate Deposits, in an olllcial report presented 
to the Chilean Government; 

(ft) 'I'ho 7,0118 .of nitrate bearing grounds comprises some 
29(1,000 s(|uare kilometres, of which so far only "cSI I sipiaro 
kilometres have been e.xamined by e.xeavations and test boles. 
'I'hc last-named area is owned (lardy by various .companies 
and firms, and partly remains in the hands of the Chilean 
Government. 

(h) The examined area was calculated to contain some 
200,300,000 tons of sodium nitrate, of whieli up to that time 
4,'>,000,000 tons had been extracted and exported. 'I’he 
remainder, at the I'ate of jiroduction then existing, was equiva¬ 
lent to a further 100 yeans’ ,sup|ily. 

(r) 'I'ho unexplored area is some thirty-four times larger 
than the examined grounds, and assuming that the former 
c’ontains only as much recoverable nitrate of soda as the 
latter, a further 100 years’ sup])l)' is thus obtainable. 

. {d) In the examined grounds no raw material containing 

lo.ss than 11 per cent, of sodium nitrate has been taken into 
consideration, nor grounds where the thickness of the layer 
of the raw material was less than 1 foot, except in the case of 
raw material containing at least 2.") [ler cent, of sodium 
nitrate, when the thickness of S inches and above ha.s been 
included. 

'The superlicial area of each jiortion of ground examined 
has been divided by tbe total number of fi-st holes made, in 
order to arrive at the area ajiplieable to each test hole, and 
thus consequently determines t he total nitrate-bearing area. 

From the theoretical (piantity of pure sodium nitrate 
resulting from the above operations, a reduction of 40 per 
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cent, has been made in order to provide for losses in e.\-traction, 
manufaeturc, error.s of calculation, etc. 

(i)} Of raw material of a lower grade vast quantities remain, 
which have been c.vcluded from these ealetdatioirs because they 
could not then be profitalily extracted under the existing system 
of work: but as improvements ai'o being constantly made, there 
would appear to be reason to assume that even this low-grade 
material will be worked when the richer (pialitiestire exhausted. 

The alxive estimate was doubtless based upon .surveys 
carried out prior to or early in 191.'!, an(> possibly upon the 
older methods of e.xlraetion, wliieli only resulted in the re¬ 
covery of about 50 per cent, gf the uilra,tB <iu the material 
(reated, T'ho introduction of imj)roved methods of e.xtraetion 
and treatment, to which rehs'eiice is made, has been accelerated 
during tluj last few years in eoii.siMpience of the increasing 
demand for Chile nitrate, and it is considered by good autho¬ 
rities that further developments may eventually lead to the 
extraction of as much as S5 per c('nt. of the nitrati'. linjirove 
ments (jf this character may add appreciably to the life of the 
deposits on the basis of the pre-war rate of jiroduetion. 

On the other hand, the statement quoted, mdike Sir William 
Crookes s estimate prcj)ared in ISOS, doi's not take into account 
the normal growth of the world's demaud, which appro.ximately 
doubles (wery ten years. Moreover, it omits ail reference to 
Ck; po.ssibility of a still more r.apidly increasing demand in 
the future. It is also nnportant to note that the deposits are 
often far from uniform in composition, and extend over very* 
largo areas in de.sert regions remote from the coast. In many 
cases, tlK.'i'idore, the cost of exjdoitatiou woidd be i)rohibitive 
on account of the cost of labour, fuel, and transport, which 
is continually advancing in Chile, as elsmvhere, 

(2) According to further •■i.uthoritat ive evidence, a more 
recent report has shown th.at tiu’ life of the explored grounds 
alone at the pre.sent rate of |irodu(dion is of the order of 
Ion years, without making allowance for the. inferior deposits 
capable of utili.sation in the future owing to improvements in 
the methods of extraction. 'I’he average life of thr? grounds 
of existing English nitrate companies was stated t(j be about 
thirty-seven years. 
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(3) In other pufilioations issued' by the Nitrate Propagan 
Association it is stated that the explored deposits, on t 
basis of a minimuni content of 10 per cent, of sodium nitra 
in the mineral treated, contain 200 million metric tons 
utilisable nitrate—f.e., capable of being extracted at ; 
ayorage price (at the deposit) of 3-75 francs (say 3s.) p 
Spanish quintal.* The country would thus be able to mark 
3,000,000 metric tons per annum for a jmriod of seventy yeai 
but if allowance is made, uj)on tlie basis of past years, f 
an annual 'increase* in production of 55,000 metric tons, t 
explored deposits would last oidy until 1966 (Abstract, Month 
Bulletin of Agrknltural InlelU{jence and Plant Dismses, Int( 
national Institute of Agriculture, Rome, Year 8, No. 7, Jul 
1917). 

There are various con.sidcrations entering into tlie qucstii 
of the })robable life of the deposits, such as the scale; of t 
future demand for nitrate, the rate of exhaustion of the rich 
and most accessible deposits, and the Ic.ss profitable charact 
of the operations when recourse i.s had to lower-grade and Ic 
accessible deposits, 'rhese factors will, in turn, bo influcnc 
to a substantial degree by future reduction in the mark 
price of the product. 

To sum up, the evidence available atford.s every reason f 
believing that the deposits of the raw material “ caliche ” a 
adequate for meeting all demand.s for perhaps a century 
more. Their comtncrcial life, as distinguished from tlu 
'actual capacity, will dej)cnd, however, upon the econoii 
factors ju.st mentioned, and it is dilhcult in consequence 
form an estimate of the probable duration of the jjeriod 
profitable working. 

2. Production Costs, etc. 

(a) Capital Cost of Nitrate. Factory in Chile .—The price 
which nitrate property is olfered for salt; by the Chilei 
Government is based upon the amount of nitrate of so( 
upon the property, and an average purchase price amounts 
3d. per quintal. 

The pre-war capital cost of a medium-sized modern nitra 
• IVouty-two Spauiah quinUls ^ 1 ton of 2,240 pounds. 
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factory with an average production of, say, 24,000 tons of 
Chile nitrate per annum, including the purchase of nitrate 
grounds having a life of about twenty years, would be as 
follows; 

£ 

Purchase of nitrate grounds .. .. 125,000 

Factory with all necessary buildings and 
plant .. .. .. .. 160,000 

Loose plant, including locoraolivcs, cars, 

stores, etc. .. . . .. .. 26,000 

Water and railway sidings .. * ., *25,000 

Total. . 326,000 

For an annual output of 24,000 long tons of 95 per cent, 
tiitrate (15'C6 jkt cent, nitrogen) the capital outlay thus 
amounts to £1 per ton of Chilo Tiitrate per annum. 

The output of a biotory of the size indicated above could 
lie marketed by a steamer cariying K.ottO tons dead weight 
and making three round voyages per annum. The pre-war 
cost of such a vcs.sel would amount to £70,(K)0, and if half 
the capital cost is assigm'd to home-bound nitrate and the 
other half to outward-bound cargo, the additional capital 
involved amounts to £1-40 per long ton of Chile nitrate per 
annum. 

The total capital therefore involved in nitrate plant and 
ill .shipping for marketing the jirodiict in Europe amounts to 
£15 per long ton of ('hilt; nitrate per annum. 

(5) Cost of Production. —'J'hcrc arc two grades of material 
placed upon the market— 

(1) That containing not less than 90 per cent, of sodium 

nitrate (over 10 per cent, nitrogen) used in chemical 
industry. 

(2) That containing 95 per cent, of nitrate (not less than 

15'5 per cent, nitrogen) used for fertiliser purposes. 

Imported sodium nitrate is very uniform in composition, 
and generally contains 1 to 2 per cent, of sodium chloride. 

.-\ccording to authoritative data supplied to the Nitrogen 
Products Committee (see Final Report, 1920, from which the 
following figures are taken), the pre-war cost of production at 
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a medium-sized modern nitrate factory, including all factory 
expenses in ('lule-such as labour, fuel, repairs, bagging, 
freight to a port, sliippiiig charges, and commission, amorti¬ 
sation of the cost of tlie nitrate grounds and plant, interest 
on capital at tlic rate of !> per cent., aiKd (diilcan export duty 
at 2 h. 4d. per Spanish quintal (l(»l-H pounds)- amounted to 
7s. 4d. j)er ([uitital of nitrate f.o.b. in Ohile, or £S Is. 4d. 

per Iftng ton of nitrate (ilo per coit. purity). The 
expenses incurred in marketing the j)ro(luct in Europe, includ¬ 
ing sea freight at 2Ss. per ton, loss in weight during the voyage, 
landing charges, and port dues, increased the cost to about 
II0'2 per lonj' ton on shoroi in England. 'rheSe figures for 
the pro war cost of production per ton of nitrate (95 per cent. 
|)urity, containing 15-()5 per cent, nitrogen) arc summarised 
Ix'low. • 

ClIU.K .NlTR.Vri! (15'0.') I’KIl Ckst. Nitkockn). 
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Prr 

Mdrir Ton. 

All fiu'loiy c\|wus(‘.s in Cliilt', iiiclinliii^i; l.ilxmr, 
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■t 8 
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2 11 
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The pre war market price (a.vera.ge 1911-191 If) of Chile 
nitrate in thi.s country amounted to .tio Ilfs. 9d. (£in-(59) per 
long ton. 'I’here are considerable variations in the production 
I'osts at dillerent nitrate factories, and the average cost for 
tlie whole industry under pre-war conditions, inclusive of all 
expenses and export duty, may be taken at about Os. Od. per 
quintal f.o.b. in Chile. Upon this basis the total cost on 
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shore in England would thus have been about £9-27 per 
long ton. 

During tlic war period the .selling price of Cliile nitrate in 
the Cliited Kingdom inereascd substantially (see table on p. (iti). 

That the transport Situation was largely the cause of this 
is seen from the folhjwing table, which gives the average value 
of the material at a ('hil('a,n port, e.xoluding e.xport duty, 
oeenii freight, insurance, eominission. ('tc. 1t will be noted 
that, while some increase is apii.irent clmiiig the war period, 
this is not wholly abnormal. * ' 
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. Till' |U'ice at 

which 

Chile nitrate 

cun 

be marketed at 

any 

spot remote from Chih 

is governed 


by the following items: 


(i.) Tlie cost of e.xtraetion, including all stag(‘s f)f manu¬ 
facture, such as blasting, crushing, li.xiviation, 
crystallisation, et<’., anil ovei'head charges. 

(ii.) Materials, such as fuel, water, and hags. 

(iii.) Labour charges, including |)aekiug, 

(iv,) Traus))ort to port. 

(v.) E.xport duty levied by the I'hilean Covernment. 

(vi.) Freights. 

(vii.) Commissions and insurance. 
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The oply items which may bejr^arded as of minor import¬ 
ance are (iv.) and (vii.), and an alteration in any one of the others 
may hare a substantial influence upon the price at which the 
material is finally delivered to the consumer. 

Goat of Extraction .—Research carried out and experience 
gained during the last few years seem to indicate that the 
cost of extraction may in the future be considerably reduced, 
principally by the use of better-designed plant, enabling poor- 
grade raw material to be more efficiently worked. It has 
been estimated that ffd. per quintal, or 16s. Cd. per ton, might 
reasonably be saved in this regard. 

Matcriah and ‘Lahimr.-Ai is difficult to form jlny reasoned 
estimate as to the future tendencies a.s regards thc.se items of 
cost. The effect of the war, in ( liilo as elsewhere, was to 
occasion considerable all-round advances, amounting in all to 
several shillings per quintal of product. It is doubtful whether 
these charges will ever again fall to the pre-war level, and 
some authorities even express the opinion that further increase 
is to be looked for. 

Export Duty.- 'Vho. duty levied upon the export of nitrate 
has in the past formed the main source of revenue of the 
Chilean Government. 'I’lic threatened loss of the market, 
however, s\ich as by the competition of .synthetic products 
or ptherwiso, might under certain circumstances cause the 
authorities to reduce the present charge (jf some .Ols. per ton. 
Authoritative information given to the Nitrogen Products 
•Committee indicates that upon the basis of a reduction of 
60 per cent, in the duty improved methods of extraction 
would enable the nitrate to be produced for 4s. 3d. per quintal 
f.o.b. in Chile, and that with freights at their pre-war level the 
product could bo marketed in Europe for £8 per long ton. 
Other estimates lead to the conclusion that if the greatest 
possible reductions were taken at 9(1. per quintal in the cost 
of extraction, 80 per cent, decrease in export duty, and 5s. 
per ton off the pre-war freight rates, this figure might be 
reduced to £7 per long ton, as representing the lowest possible 
market price in England or on the Continent. This would 
provide no profit for the producer, but would allow of 6 per 
cent, interest on the capital value of the nitrate plant. These 
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figures must be regarded as entirely problematical, and their 
realisation would indicate a last effort on the part of the 
industry to maintain, its position. 


Combine<| Nitrogen in Agriculture. 


Many nitrogenous substances, more particularly nitrates 
and ammonium suits, are used as plant manures. The natural 
formation of combined nitrogen is insufficient to supply the 
soil, more particularly on account of the wastage through the 
action of denitrifying bacteria, which yicld.frce nitrogen, and 
from the present system of sewage disposal. 

According to E. J. llussell (./^ A’. ('. I‘.tl8, 37, 4!)E) one 

pound of combined nitrogen, i>roj)erly nseil in tlu^ soil, will 
yield*enough food to sup|)iy a man for about five days. 
Normally, a plant take.s up practically the whole of its nitrogen 
in the form of nitrates, and the most ('ilieient fertilisers are the 
nitrates of potassium, calcium, and sodium. Other nitrogen 
compounds must first be oxidised to nitrates in the soil. 
Ammonia is rapidly oxidised to nitrates by soil bacteria, and 
ammonium salts applied to the soil are converted into nitrates 
before the plant is ready for all the nitrogen stipplicd. Protein 
nitrogen, amino-acid nitrogen, and amide nitrogen, such as 
are present in farmytird manure, arc also rapidly oxidised by 
soil bacteria, f'alcium cyanainidt! is first converted into 
ammonia and then into nitratt! in tht; .soil. Other nitrogen 
compounds, such as diazo-comjtounds, nitro-compounds, and 
ring-compounds, are, as far as is known, useless as fertilisers. 
'I'he relative values of combineil nitrogen in the various forms 
have been stated as follows: Nitrate nitrogen, 100; Ammonia 
nitrogen, 95; Cyanamide nitrogen, 85 to 90, or more; Protein 
nitrogen, 70 to 80. 

The natural sources of combined nitrogen are twofold; First, 
electrical discharges in the atmosphere, causing union of 
nitrogen and oxygen, with the ultimate production of nitrates 
and nitrites.* By this means it is estimated that every acre of 
ground in Great Britain is enriched annually to the extent of 
11 pounds of combined nitrogen. In the tropics, where 
thunderstorms are more frequent, the amount is larger. 


• See, however, Mooro, 1921, p. 1555. 
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Second, certain leguminous plants, such as peas, beans, vetch, 
and clover, possess root nodules containing bacteria which are 
capable of fixing atmospheric nitrogen in jtheir growth, and so 
enriching the soil in combined nitrogen (Hcllriegel, 1800). 
Attempts to use cultures of these bacy^ria in promoting the 
nitrification of the soils— n.(j., in the forms of “ Nitragin ” or of 
“ Jlacterised I’c^at ”—have not, however, proved encouraging. 

Numerous txperiments have beem made with a view to the 
practical utilisalinu of tln^ baoteriai oxidation of ammonia to 
nitrates, notably bj’ Muntz anil baine, of the Pasteur Institute, 
and liy Taiudeu and 'riiorssell of Stockholm. 'J'he former 
used a mixturi; of charcoal, turf, anil chalk, iiux-ulated with 
nitrifying bacteria, through which a dilute solution of am¬ 
monium sulphate was percolated, 'I'he optimum temperature 
was found to bo 80“ tk The bacteria cannot tolerate too 
concentrated solutions of ammonium salts, but are unaffected 
by considerable amounts of nitrates. The liquor is therefore 
passed from one nitrifying bed to another, and enriched by 
the addition of a portion of ainmonium sulphate between each 
bed and the next. A solution of ealeium nitrate is obtained, 
which maybe precipitated with aninioninm carbonate to form 
ammonium nitrate. 'I’he highest cimeentration of calcium 
nitrate attained was (18-2r) g.-lit.; the nitrilieatiim then ceased. 
In semi-technical experiments the supply liquid eontaiued 
,')'7 grammes nitrogen as ealeium nitrate, and l-.'l grammes 
nitrogen as a.mmonia, per litre. 

. Jmnden and 'I'hor.s.sell (E. P. l.'i.tifiT, l.^.titiS, ir>,(i7n, and 
Ih.tuI of I!)I8) use a nutrient solution containing a requisite 
amount of the oxidation product, as well as ainmoidnm salts 
for o.xidalion, and the anmionia to be oxidised may be added 
in the form of ammonium nitra,te. Thus, I cubic metre of 
solution containing 150 kilogrammes calcium nitrate and 
8 kilogrammes ammonium sulphate is cxjiosed to the action 
of the bacteria. .After oxidation, the solution contains ItiO kilo¬ 
grammes ealeium nitrate per cubic metre. Sixty litres of this 
solution are now used foi’ the preparation of ammonium 
nitrate by adding ammonia and carbon dioxide, the calcium 
carbonate precipitated being put back into the main solution 
to provide base for the neutralisation of the nitric acid formed. 
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To tho remainini:; 940 litres are added 00 litres of water, 8 kilo¬ 
grammes ammonium snlpliate, anil a siiifalile amount of 
:^aleinm eailionate. and the whole sent haek to the Imeteria 
lieds for further oxidation. .Alternatively. I enbie metre of 
solution eonfainine k\0 kilogrammes ealeinm nitrate and 
to kilof'rammes .■uninoniiim nitrate is used. .After oxidation 
the .solution eontains 17o kiloyrainmes ealeinm nitrate, and 
12(t litres are set, .aside for eonversiiui into ammoiiium nitrate. 
The solution of the latter oht.aiiieci eontain.s 100 f;ra.mmoa 
ammonium nitrate jier litre. ,‘sixty litre's Vif this’solution, 
on litre,s of water, .and .sso litres of orieiual .solution, form the 
fresh li(|uid exposed to tlii' .ictkiii of the' Itit'teria, whilst 
on litres are used for the produetion of ammonium nitrate, 
t'aleium earbonate is used as substrate instead of turf, and 
a eurrent <if«air passed throuirli. The method of e.ultivatinfr 
the baeteri.a is de.seribed in E. /’. la.tiO!) of Ittl.H: the bauteria 
may be cultivated in a liepiid e.ontaiuinf' 1 to ti |>er eent, of 
oxvpeu, .and weak leases such as ehalk, e.asily decomposed 
silicates, soila, etc. The ba.eleria, are obtained from fertile 
soil. Pure eullures are not essential, but exlraneo\is oreanisms 
such as moulds .anil protozoa are injurious. These may be 
elimin.ated by avoiding organic matter in the culture media and 
addins; small amounts of poisons such as |)henol. cuprous 
ey'nide. sodium tluoi'ide, and aniline, to which the nitrifying 
bai ieria are very resistant, 'toilet sponge is said to form a 
good sufrstrato. „ 

'the objections to such processes are their slow'iiess. the 
sp.aee ref|uired for handling the enormous bulk.s of dilute 
solutions obtained, and the large amount of fuel rerpiired for 
the ov.aporation of fhe latter. Ammonia is much more e.asily 
oxidised to nitric acid by catalytic method.s (see below). 

Sodium Nitrate in Agriculture. 

It i.s known from the work of Stutzen and IT.artleb that 
ino.st plants obtain their protein nitrogen from the soil in the 
form of nitrate.s. These nitrates may either bo administered 
artificially to the soil as fertilisers, or may be, formed from 
naturally occurring nitrogenous material by the action of 
nitrifying bacteria. 
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sphere is a nontinunns movement of these supplies of nitrate, 
whieh arc carried down by lieavy rainfall, only to rise to the 
surfa(;e .again as the soil dries. Any 'form of putrefaction 
Clauses ,a reduction <if tlie nitr.atcs to lower oxides of nitrogen, 
and finally to ammonia, and the destructive ferment present 
on .straw and other vc'gctable refu.se may even set the nitrogen 
free in the ehunentary form, ft wnuld therefore appear that 
the nitrate supply of tlie soil may be eonsider.ably reduced 
under certain eireiimstances if the surface is strewn with 
vegetable refu.se. ’ 

An ample su|>ply of nitr.ate is indicated by a luxuriant growth 
of vegetation" aeeompanii'd by a dark green eolciur; deficienev, 
however, causes stunted growth, with a yellowish-green colour. 

The presence of nitrates has been demonstrateil in'nearly 
all families of |)lants, more especially in the newly formed 
absorbing roots. Some jilants store' the sufi])lii‘s of nitrate 
in their roots during the winter, while in others it is only 
present in s[)ringtinie. 

Wheat will store as much as I per cent, of nitrates in the 
roots during w'inter, jireparatory for usi> when growth starts 
in the spring. These ,snp|ilies are not washed out by cold 
water. Thc'y may be detected in lessening rpiantity up the 
stem, vanishing in the le.aves of the growing jilant. 

fn order to gc't the best results from the use cif sodium 
nitrate ,as a manure, it. shotdd bc' used in eonjunc'tion with 
phos))hat ie and potassie manures, more os|K'eially when .applied 
to soils detieieni, in the last nuiiU'd ingri'dients. 

In eonsequenci' of t.he detailed and special investig.ations 
whieh have been carried out with a vieev to determining the 
optimum conditions for the application of sodium nitrate to 
the soil, there has bc'cn .a r.apid increase in recent years in its 
use as a fertili.ser, the nitrogen content of the salt being very 
quick in action and wholly available for direct .absorjition bv 
the plant. The nitrate is very soluble, and its .solution per¬ 
meates quickly through the soil ji.articles. On the heavier 
soils it is not likely to be washed out by any ordinary rains, 
while in the ease of the lighter soils it should be applied in 
several small doses after heavy rains, which may have carried 
away some of the existing spil nitrogen. 
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Sodium nitrate is especially useful as a nitrogenous niamire 
on soils which are defioient in liiiu'. Acid fertilisers, such as 
ammonium .sulphate, cause a rapid deidction of the lime 
content of the soil; sodium nitrate, on the other hand, tends 
to pre.servc this. Fnrtjier, then' is evidence in snppoi't of the 
view’ that the basic radical of the salt exerts considerable 
-inllucnce in rendering otherwise insoluble pota,sh availiibh' 
to the plant. • 

In consequence of this, the addition of sodium nitrate to 
loamy and heavy s<iils may make the us<' gf potash manures 
suportluouH, although this is doubtful. Sodium nitrate exerts 
its influence to the best advantage during the growing stages 
of most planks; hence it is to be recoimnend('d in most cases 
as a top dressing. Moreover, the ravages of insect ])ests 
which oftcii attack crops during the early stages of growth 
can often be checked by manuring with this fertiliser. 

Allrihiitfs of Sorlhii), Xilnilr. as n FerUliscr. 

1. It produces improvement in the yield of mangolds, hay 
crops, grass, vegi'tables. fodder crops, sugar cane, hops, citrus, 
fruit-trees, flowers, «'te. 

2. L’se<! by itself on a soil wi’ll sup|)lied with mineral plant 
foods, it is ('ilicicut when .'ijrplied as a, t<ip dressing. 

.'1. It can be used in admixture with other matjun’s. such as 
•'inc-dust. ba.si(’ .sui)er])hosphatc. jihosphatie guano, bhaal 
and potash manures (any two <ir more), together with some 
ordinary phosphate, 'riic mixture will not dcterior.ile if stored 
in a dry place. When mixed with superphosphate it shouhl 
be used a few days after mixing. 

4. .Sodium nitrate can be used .U any time during the year 
to stinndate growth, but the most favourable time for its 
application is in early .sjn’ing. It. should be bro/idcasted 
when the plant foliage is dry, to pix'vent it sticking to leaves, 
and frequently gives better results when used in several small 
top dressings rather than in f)ne large dose. 

It should not be irsed in nniKs'c.s.sary excess; 1 or ,J cut. 
per acre in the early stagc.s of growth promotes an abundant 
yield in leguminous plants (peas, beans, ehjver, etc.). In the 
case of fruit-trees, citrou.s fruit.s will require the apj)lication of 
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about 1 pound per tree at a time, and in all from 2 to 0 pounds 
per annum. Deoiduous trec.s should receive 1 pound per tree 
a short time before flowering, ajid a second dose of I pound 
when fruit ha.s set; the amounts may be increased in the case 
of old or large trees. Small fruits should get from 1-J to 
2l cwt. y»er aero at similar ])criods during their growth. The 
material is best ajiplied during the dry intervals of showery 
weatluT. and need not be harrowed into the .soil unlea.s the 
surfa(!e of the latter Is hard. K.\[)osuro on the .surface to 
(ixcessivodiot suini.s to bo .avoided. 



